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HE success of the Liberty Engine—from the standpoint of performance—is acknowl- 
edged both at home and abroad. 


Into the Liberty Engine went the combined experience of Col, E. J. Hall’s ten years of 
airplane engine building, and that of a well known automobile engineer. 


The War Department’s Official Statement gave Hall-Scott credit for more than 75% 
of the adopted parts—a fact that proves the soundness of Hall-Scott engine design. 


HALL-SCOTT MOTOR CAR COMPANY 


Crocker Building, San Francisco 
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CONTRACTORS TO 


The United States Army and Navy 
The British Admiralty 


THE BURGESS COMPANY 


MARBLEHEAD, MASS. 


Sole Licensees for the United States for the Dunne Patents 
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Where Power 
Means Life 


The leading French Aces use the Hispano-Suiza Motor 
What More Can Be Said ? 


These men—Fonck, Guynemer, Hertaux—the greatest flyers the world 
has ever seen—with the world at their bidding and every motor made to 
choose from—put their faith in Hispano-Suiza. 

The performance of this great motor has justified their belief. Fifty 
thousand and over have seen service—seventeen factories in France alone 
are making them. 


Before men flew, it was a great automobile motor. Building upon its 
basically correct principles, the leading brains of the aeronautical industry 
developed it to a perfected aeroplane motor, and, as produced by this Cor- 
poration, carries with it its Mark of Quality that characterizes all that is 
best in motor construction. The most 
exacting necessities of military flying 
has made it “‘the motor that made the 
Spad possible’—the greatest aero- 
plane motor in the world. 







Hispano-Suiza 
Engine 





New Brunswick, N. J., U. S. A. 
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Pair of Aces 
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‘L:W-F ‘ENGINEERING-COMPANY:- 


COLLEGE POINT, N. Y. 
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Supremacy in the Air 





September 15, 1913 


is Largely Won 
on the Ground 


Superior airplane speed and endyr. 
ance and superior numbers insure 
mastery in the air. 


And to provide these is the work not 
of the daring aviator, but of the 
engineer, the metallurgist, the man in 
the factory and the man in the foundry, 


Theirs is a great responsibility and a 
difficult task. 


How much more difficult would it 
be were it not for Lynite, with its rare 
combination of lightness and strength, 
and heat-conductivity. 


Through these qualities Lynite is 
helping to give to the airplane the 
necessary superior speed and endur. 
ance. Because of the extent of Lynite 
facilities, it is doing its part to keep 
production at a high point. 


The extent to which Lynite is now 
being used in airplane construction is 
indicated by the fact that 92 parts of 
one famous engine are made of it. 


THE ALUMINUM CASTINGS COMPANY 
LYNITE and LYNUX Products 
Eight Plants in 
Cleveland Detroit Buffalo Manitowoc, Wis. Fairfield, Conn, 











gpiember 15, 1918 AVIATION 


on the thousand open 
roads to Berlin 


AYTON-WRIGHT 
AIRPLANES 
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DAYTON-WRIGHT AIRPLANE CO. 


Dayton, Ohio. 
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IN STOCK 
CLEVELAND WAREHOUSE 


2230-2240 EAST NINTH STREET 


SUBJECT TO PRIOR SALE 


COLD DRAWN 3'%% NICKEL 

Quantity Size Carbon Quantity . Carbon 
4200 Ibs. Round 29 4800 Ibs. 23 
7200 . 20 2800 20 
5000 * 32 1500 “ " 21 

500 ‘ 34000 “ Hexagon 31 
36000 ‘ 7500 “ o 30 
40000 “ 20000 “ 29 
5000 ‘ 17000 “ 33 
14000 “ 11000 “ 30 
39000 “ 4000 “ 22 
20000 “ 15000 “ 35 
6200 “ 8300 “ 25 
9600 “ 1400 ‘ 30 
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SO 
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es On 7 Go Un We tt tt 


> OO he OO 


HOT ROLLED 314% NICKEL .15 to .25 CARBON 


24000 Ibs. 1/2” Round 9700 Ibs. si Round 
20000 “* 1 11/16” - 92000 3 1/16” i 
5200 “* 1 13/16” = 60000 ‘ 3/16” r 


We are prepared to reduce any of the Hot Rolled Items toa 
smaller size. We can ‘‘Rough Turn’”’ or ‘‘Turn and Polish.’’ 


COLD DRAWN “ACME” FREE CUTTING SCREW STOCK 
Quantity Size Quantity Size Quantity Size 
5700 Ibs. 1/8” Round 17000 Ibs. 9/16" Round 30000 Ibs. 3 16’ ‘Round 
2600 5 /32” - 16500 5 /38”’ 66000 4” 
12600 “ 3/16” id 7000 “ 11 16” 4500 * = 
36000 ‘ 1 5 41500 ‘“ ‘5 25000 “ 8” 
8500 * 9 ; i 26000 “ a id © 20000 * rae * 
11000 “ 5 49000 “ Fs id 25000 * oi 
7500 “ 1 3000 * 5 ‘4 v5 15000 
53000 “* 3 21000 “‘ 5 ad - 23000 ‘ 
19000 “ 7 10500 “ = 2 4000 “* 
16000 “ 1 11000 “ % ns 5800 ‘ 

7200 ‘* sing 


HEXAGONS HEXAGONS HEXAGONS 


“ACME” FREE CUTTING SCREW STOCK 
240000 Ibs. 7/16” 15000 lbs. 3/4” 1000 Ibs. 
13000 3000 “ 13 /16”’ 35000 
20000 “ 3000 “ 13 /16” 55000 “ 
13000 “ 5 /8” 10000 * 7/8” 15000 “ 
25000 * 1000 “ 15/16” 1500 * 


SQUARES SQUARES SQUARES 


750 Ibs. 3/16” 5100 Ibs. 1/2” 1000 Ibs. 15/16” 
1800 “ 5/16” 7700 “ 9/16” 1 1/16” 
5600 “ 7/16” 7800 “ 11/16” = 1 5/16” 


All of the material listed above offered subject to prior sale from our Cleveland ware- 
house. The only orders that we will entertain or consider will be from concerns that 
require this material for United States Government work and can supply us with the 
necessary information in the way of Government order numbers, priority certificates, etc. 


Che Betz-Pierre Co. 
Cleveland, Ohio 


CHICAGO DAYTON DETROIT INDIANAPOLIS PITTSBURGH 
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Serving America On All Fronts 


On the Farms, in the Industrial Centers and on the 
Battlefronts of Europe, Fedders Radiators are everywhere 
and doing their bit. 





Because their fundamental principle of design is the 
most efficient of all, Fedders Radiators alone are easily 
adaptable to service on any type of engine-driven vehicle-— 
Tractors, Trucks, Passenger Cars or Aeroplanes. 


That Fedders serves best is proven by the fact that most 
of the best Vehicles are Fedders-equipped. 


Let Fedders help solve your Radiator problems. 


FEDDERS MFG. CO., Inc. BUFFALO, N. Y. 
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NEW 
ENDURANCE RECORD 
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Established by 


Union Airplane Motor 
at U. S. Aeronautical 
Testing Laboratory, 


Navy Yard, Washing- | 
ton, D. C. | 
Best previous record ex- | 
ceeded by fifty per cent. 


SHMHIULU NNT. TSA 


UNION GAS ENGINE COMPANY 


ESTABLISHED 1885 


OAKLAND - - - CALIFORNIA 
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ee “Twenty Five Million Square Feet 
Pees ~ofYarnish Surface 1 in One Order 


. aed 





1913 








All For Airplanes 
All Air-Plane Rexpar 


The only place where human life depends directly and indirectly on varnish 1s 
in an airplane. 

You varnish the front door of a house simply to protect wood and to get an 
ornamental effect. 


But you varnish an airplane to get definite qualities of physical resistance, under any condi- 
tions whatsoever—abnormal conditions so severe as to constitute the most rigorous test imaginable. 


Air-Plane Rexpar is the varnish that meets actual flying requirements to the full satisfaction 
of the Signal Corps of the United States Government. It has 
been ordered for all new construction. 


Air-Plane Rexpar is not only a remarkable achievement as a 
type of varnish that definitely resists all destructive attacks, but is 
also a highly interesting product because it can be obtained at a 
reasonable price, in any quantity, with invariable uniformity. 


| The Sherwin-Williams Company 
| 801 Canal Road, Cleveland, Ohio 


Branch Offices and Warehouses in all Important Cities 


| SHERWIN-WILLIAMS PropucTS 
| PAINTS anon VARNISHES 


DYESTUFFS, COLORS, PIGMENTS, CHEMICALS. INSECTICIDES, 
DISINFECTANTS, WOOD PRESERVATIVES 
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There is a big differ- 
ence between MAYO 
Radiatorsand so-called 
“ Mayo types.” Wewill 
not build a radiator in 
our factory that is not 
honestly and scientific- 
ally designed to do the 
work required of it. 











AYO RADIATOR DIVISION & MARLIN ROCKWELL Corporation - 3rd Street ond Southern Boulevard NEW YORK CIT 
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So Pont 


All Steel Rudders 
—Elevators— Fins 
and Stabilizers— 
Steel Trailing and 
Leading Edges — 
Struts and Braces 
(stream line and 
oval) Bent Tubing 
and Metal—Fuse- 
lage Parts—Spec- 
ial Metal Designs 


KAWNEER MFG. CO. 


BERKELEY NILES GUELPH 
CALIFORNIA MICHIGAN ONTARIO 
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IANDBOOK 





AIRCRAFT 
MECHANICS HANDBOOK 


By Fred H. Colvin, Editor of the American Machinist 
402 pages, flexible binding, 5 x 7—$3.00 net, postpaid. 





Read what the 
book covers 


General Construction 

Theory of the Planes 

The Propeller 

Wiring the ’Plane 

Woods for Airplane Con- 
struction 

Types of Engines 

Instructions to Inspectors 
of Airplanes 

Specifications for Train- 
ing Airplanes 

Assembling 

Instruments for Airplanes 

The Lewis Machine Gun 

Tables and Diagrams 

How “The Eyes of the 
Army ” Work 

















This is the one book 
that explains thor- 
oughly the construe- 
tion of planes, the 
details of erection 
and maintenance, 
and the eare and re- 
pair of aireraft mo- 
tors. Here is a real 
aircraft mechanics 
handbook—the _ first 
book that answers 
the thousand and 
one questions relat- 
ing to the inspection, 
adjustment and re- 
pair of aircraft. 








RETURN PRIVILEGE COUPON 








Signed 


McGRAW-HILL BOOK CO., INC., 


239 West 39th Street, New York 


Enclosed find $3.00 for which send me Colvin-Aircraft 
chanics Handbook, postpaid. 
Subject to return for refund within ten days of receipt if 
unsatisfactory. 
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PRECISION 
ALL BEARINGS 


(PATENTED) 


In men and in mechanisms carrying 
burdens of responsibility, failure is the 
one unpardonable sin. The pleading of 
unpreparedness is no excuse—least of 
all, when a desire to save a little money 
lies at the root of that unpreparedness. 
To succeed—to be adequate—to meet 
responsibilities—are essentials beside 
which cost cannot be considered. 


“NORMA” Precision Bearings — 
even at a slightly higher cost— 
are considered essential factors 
in assuring that dependability 
in service which the makers of 
ignition apparatus and lighting 
generators feel themselves ob- 
ligated to incorporate in their 
products—upon which rests so 
heavy a burden of responsibil- 
ity for the nation’s success. 














Be SURE—See That Your Appa- 
ratus is “NORMA” Equipped 


THE NORMA COMPANY OF AMERICA 


i799 BROADWAY NEW YORK 





BALL, ROLLER, THRUST, COMBINATION BEARINGS 
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IG BUSINESS will never be content with the degree of mechanical efficiency 
which obtained before the War. 
Quality will rank higher than price in the new competition. 
efficiency will be based on war-time experience. 
Ball bearings will be insisted upon in all machines whose operation can be 


improved by their use. 
In New Departure Ball Bearings, quality is paramount. Special chrome alloy 
steels are the foundation for a design that has proven correct and for an advanced 
system of manufacturing processes, precision and inspections which have gained 
the respect of the foremost buyers in all trades. 
Our Engineering Service Department will welcome an opportunity to 
assist you in laying out the bearing equipment of your new machines. 


BRISTOL, CONN. - THE NEW DEPARTURE MANUFACTURING CO. - DETROIT, MICH. 
Conrad Patent Licensee. 
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New ideas of 
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Transatlantic Flight by Airplane 


By Frithiof G. Ericson, F. R. Ae. S. 


When immediately before the outbreak of the war Glenn H. 
Curtiss, and Lt. Col. Porte, R. A. F., were building the first 
twin-engined flying boat, the “ America,” which they intended 
to use in an attempt to cross the Atlantic, their aim was to 


larger number of such machines are now being manufactured 
in the United States as well as in Canada and it is very possible 
that it will be found necessary to deliver these machines by the 
air-route. I will, however, leave this question for the time be- 











A Possinte TRANSATLANTIC MACHINE: THE THREE-ENGINED Porte Fiy1nc Boat, DEVELOPED BY THE BritisH ADMIRALTY 


design a machine especially suitable for such a trip. If the 
feat could have been accomplished at that time it would have 
been counted as an enormous achievement in the development 
of aviation, even if the machine after its arrival, as well as its 
engines, would have been useless for further or future work. 

But the war has changed these conditions. Our main object 

for a trans-Atlantic flight now would be to make it possible to 
in such way deliver American and Canadian built machines in 
England and France. These machines would on arrival in 
England be fitted with necessary armament, ete., and upon 
completion of such work flown direct to the battlefront. This 
method of delivery would not only be the fastest, but would 
also to an enormous extent relieve the shipping problem. 
_ If today our object were merely to cross the Atlantic as 
intended in 1914, this could most assuredly be accomplished 
with any of the giant flying boats which during the last year 
ave been developed by the British Government. Machines like 
the F-5 or the Porte boat would be able to make the trip with 
only one re-filling during the journey, if the flight were made 
during the most favorable weather conditions. 

Since the time the writer took up the question concerning 
the delivery of American and Canadian built bombing planes 
by air-route, a great demand for giant seaplanes for use in the 
defence of the English and French coasts has occurred. A 


ing and confine myself to the problem of delivering Ameri- 
can and Canadian built bombing planes by air-route. 


The Most Favorable Flight Route 


The problem of crossing the Atlantic from Canada to Great 
Britain by airplane may, for reasons of convenience, be con- 
sidered mainly under two heads, viz. (A) the most favorable 
flight route, and (B) the airplane required. 

1. Geographical Considerations—For a flight across the 
North Atlantic one is afforded the opportunity of choosing 
between three more or less favorable routes; namely, a direct 
route which would necessitate a non-stop flight of over 1900 
miles, and two routes which would afford several intermediate 
points of stoppage. 

The direct, or All-British (A. B.) route, which is geographi- 
ally speaking the shortest of the three, leads from Cape Spear, 
near St. John’s, N. F., to Valencia Island, Ireland, and involves 
a non-stop flight over the Atlantic of 1923 miles. 

Of the two other routes affording intermediate points of 
stoppage one, which we shall call the Northern route, would 
lead from St. John’s, N. F., to Christian Sound, Greenland, 
thence to Reykjavik, Iceland, and from there to Lewis. Island, 
in the Outer Hebrides. The total distance of this route is ap- 
proximately 2300 miles, that is, 20 per cent, longer than the 
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A. B. route; only in lieu of a 1900-mile overseas flight there 
would be three laps of 940, 720 and 635 miles, respectively. 

The third route, which may be called the Southern route, 
leads from St. John’s, N. F., to the Azores, and thence to 
Lisbon, Portugal. The longest overseas flight on this route 
amounts to approximately 1200 miles, on the leg from St. 
John’s to Flores, the westernmost of the Azores, whence there 
would remain a short leg, of 310 miles, to St. Michaels, the 
easternmost of the Azores, and one of 850 miles from St. 
Michaels to Lisbon. The total flight distance of the Southern 
route would thus amount to 2360 miles. 

In the above outline of the three possible flight routes across 
the North Atlantic only distances have been taken into account. 
If the cross-Atlantie flight were, particularly under present, 
war-time conditions, simply a matter of the shortest overseas 
flight involved, one should have no hesitation whatsoever to 
pronounce the Northern route the most favorable of all those 
considered. 

Unfortunately, in examining the possibility of 
Atlantic flight, one cannot pay attention exclusively to 
geographic conditions. Political and meteorological considera 
tions needs also require careful examination. 

2. Political Considerations.—Political considerations are dis- 
tinetly unfavorable on the Northern route, and are not entirely 
satisfactory on the Southern route. 

The Northern route involves points of stoppage lying in ter 
ritories belonging to the Danish crown, namely, Greenland and 
Iceland, although the latter has niore recently manifested its 
strong desire for separation from the Mother Country. 

Though it may be taken for granted that our transatlantic 
airplanes would carry no offensive armament, and should there- 
fore possess the status of merchantmen, it seems more than 
likely that Germany would send strongly worded protest notes 
to Denmark should British aireraft use Danish soil for refuel- 
ling, this in view of the fact that our machines would be 
manned by military crews, and that their ultimate destination 
would be distinetly hostile to Germany. 

It must be therefore presumed that the Danish crown would 
not consent to our intent of using Danish soil as points of 
stoppage for the proposed cross-Atlantic flight, and this con- 
sideration puts the Northern route virtually out of question 
for our purpose. 

The Southern route is much more favorable from the view- 
point of international polities, for the mid-Atlantic point of 
stoppage as well as the European port of arrival both lie in 
territory of our Portuguese Allies. 

A somewhat serious drawback may, however, be found to 
this route owing to the fact that our airplanes, on arrival in 
Portugal, would have to complete an additional overseas flight 
of some 800 miles in order to be delivered on British or French 
soil. It would quite obviously be the proper thing to fly our 
machines from Portugal to France in an air-line rather than 
have them accomplish a circuitous route via the British Isles or 
Brest. Unfortunately, the strict neutrality of Spain will more 
than likely interfere with our endeavors to fly British aircraft 
across her dominions. 

Therefore, unless we accept the handicap of flying our 
machines from Portugal to Great Britain or France, the South- 
ern route seems rather out of the question as a practical 
proposition. If it should nevertheless be chosen, then a switch 
line might be introduced at the Azores, which would lead from 
St. Michaels to Vigo, Spain; the overseas distance of the third 
leg would thereby be increased to 927 miles, but the total 
distance to be flown to British would materially be 
shortened, and amount to 576 miles, with a longest overseas 
flight, from Cape Vilano to Ushant Island, of 413 miles. This 
was the route Lieut. Col. Porte, R. A. F. (then Lieutenant, 
R. N.) proposed to fly in 1914. The total distance from St. 
John’s to Plymouth, England would, over the Southern route, 
then be 3013 miles. 


a CcCToss- 


soil 


Meteorological Conditions 


3. Meteorological Conditions.—For an aerial crossing of the 
Atlantic it is of primordial importance to pay the closest atten- 
tion to the meteorological conditions prevailing on the route 
chosen for this purpose. If one considers that a following 
wind of 20 miles per hour would add 480 miles to a day’s flight, 
the importance of possessing a precise knowledge of the 
meteorological conditions which prevail in the Northern 
Atlantic becomes self-explanatory, for this may really be one 
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of the most important factors in determining the SUCCESS of 
our enterprise. 

The weather in the North Atlantic is largely governed }y 
the tendeney, more or less constant all the year round, to, 
low pressure trough lying between Greenland and Iceland, ayj 
a high pressure area which is permanent, although varyilig jy 
extent, near the Azores. 

The low pressure trough generates the nearly  congtay 
eyclonie storms which blow from a southwesterly quarter in fy 
ocean areas extending south of Lat. 60° N. to Lat. 40° ¥ 
while the high pressure area produces the anti-cyclonie, 
trade, winds which blow from the Iberian Peninsula toward ty 
Antilles, passing south of the Azores. 

Consequently, over an ocean area of twenty degrees there js 
a more or less constant southwesterly drift of air, which woul 
naturally be instrumental in increasing the independent velogity 
of our machines flying from America to Europe, and wogi 
correspondingly be unfavorable to a flight in the opposit 
direction. 

The intervening miles of sea in these latitudes—which em. 
brace all three possible routes, though the A. B. route, lyin 
approximately in the centre of this area, appears particularly 
favored—are peculiarly susceptible to great eddies of wing 
and rainy or snowy weather, sometimes extending as muchg 
a couple of thousand miles in diameter. These cyclonic stom; 
move up from the Gulf of Mexico skirting the coast of Ney. 
foundland, and proceed over the Northern Atlantic toward th 
British Isles, Scandinavia and Russia, where they gradualh 
decrease in intensity. 

The late Prof. L. Rotch, founder of Blue Hill Observatory 
(U. S. A.), econdueted for a great number of years a series g 
aerial soundings which enabled him to determine with remark 
able accuracy the aerial currents which prevail over the Noth 
American Continent and part of the Northern Atlantic. Hs 
observations, which have been published under the title ¢ 
Charts of the Atmosphere, as well as the aerological dat 
gathered by the Observatory of Manchester (England), woul 
appear to furnish a sufficient basis for plotting the most favor 
able course for aireraft intending to cross the Atlantie. 

Professor Rotch himself suggested in 1912 two such route, 
one in an easterly, and one in a westerly direction. His eas- 


ern route subdivides into two courses: The first, from lat 
47° N., Long. 53° W., to Lat. 42° N., Long. 30° W., a distane 


of approximately 1000 miles; the second, from Lat. 42° X, 
Long. 30° W., to Lat. 52° N., Long. 14° W., a distance of about 
800 miles. 

On the first course one-half of the prevailing winds blo 
from a westerly quarter with a speed of 21 m.p.h. while on th 
second course three-fourths of the winds blow from the same 
quarter at the rate of 28 m.p.h. These wind velocities wer 
obtained by proof by Prof. Rotch on correcting the data d 
the Pilot chart of the North Atlantie for July to the lev 
of 1000 meters (3300 ft.) by the average change in velocity 
and direction of winds as found at the Blue Hill 
Observatory. 

From this study it may be seen that the A. B. route woull 
have the great advantage of being situated within the area d 
maximum intensity of the eastbound Atlantie storms, wheres 
the Northern and Southern routes would lie only on the vey 
fringes of this cyelonie belt. It follows that an airplane steer 
ing the course of the A. B. route and particularly that plotted 
by Prof. Rotch, should be able to derive a maximum aceelert 
tion disposable from atmospheric conditions prevailing in the 
North Atlantie. 


these 


The A. B. Route Favored 


Consequently, in addition to the political consideration 
dwelt upon above, the A. B. route, leading from Newfoundland 
to Ireland, also appears to be the most favorable from the 
viewpoint of the following wind, upon which factor the succes 
of the cross-Atlantie flight is dependent to a very considerable 
degree. 

1. The Great Fog Bank.—Another factor of this problen 
which should not be considered any too lightly is furnt 
by the vast fog bank which exists in the summer months ove 
Newfoundland Bank for a distance of about 300 miles 
shore. This fog bank is particularly dense in the month? 
June, when the icebergs, on drifting south of Baffin Bay W 
the polar current, reach the Gulf Stream. 

While the vertical depth of this fog bank is an unknow 
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factor one may assume that its extent is not such as to prevent 
airplanes from flying through and over it without expending 
an undue amount of gasoline in climbing. Nevertheless, the 
very existence of this fog bank constitutes rather a serious 
difficulty, which it would seem well not to underestimate, for a 
dense fog might cause the pilot to totally lose his bearings ; 
therefore one believes it advisable that our transatlantic air- 
Janes should avoid the area of this fog bank as far as is 
practically feasible. 

As this fog bank extends from Newfoundland mainly in an 
easterly and southeasterly direction, it would appear that for 
the purpose of avoiding it and starting the cross-Atlantie flight 
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proposed, and that the drawback of the longest total flight 
distance is more than compensated for by the shorter overseas 
flights, then it seems necessary to give in brief the topography 
of the Azores, which would serve as a mid-Atlantic point of 
stoppage on this route. 

The Azores comprise a group of nine major islands, five of 
which are situated in a central group, while the remainder, 
grouped in pairs, form the western and eastern outposts of 
this archipelago. The islands are all of voleanic origin, and 
present a very much cut-up and mountainous appearance; 
with the exception of two of the larger islands, namely St. 
Michaels and Terceire, none offers natural landing facilities. 
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under favorable conditions of visibility a machine heading for 
Ireland should steer for a hundred miles or so a northeasterly 
course on leaving Newfoundland. 

If such a course were steered at a certain altitude, it would 
hot materially add to the flight distance to be covered because 
the higher the altitude, the more the wind tends to turn to the 
nght, owing to the rotation of the earth. For instance, if there 

a westerly wind blowing near the ground then at 5000 feet 
the wind would probably be WNW, and at 10,000 feet prob- 
ably NW. ; 

On the other hand attention should be paid to the Buys- 
Ballot law, which is to the effect that the circulation in the 
northern hemisphere is clockwise in the low-pressure, or anti- 
eyelonic areas, and anti-clockwise in the low-pressure, or 
eyelonic, areas. It follows that an airplane desiring to fly in 
an easterly direction without climbing would have to steer a 
southerly course at first. 

5. The Azores—If the competent authorities should decide 
that the Southern route is the most desirable of the three routes 





Violent thunderstorms are furthermore of common occur- 
rence more or less all the year around, but particularly in the 
winter months, and the prevailing winds are so strong as to 
prevent the trees from reaching normal height. While there 
are, as a consequence, no real woods, much shrubbery and un- 
dergrowth is to be found. 


Directional Reliability 


It may be gathered from the above that the Azores do not 
offer a very suitable relay station for the cross-Atlantie flight. 

6. Directional Problems,—One of the most difficult problems 
attendant upon the successful crossing of the Atlantic by air- 
plane is admittedly that of-affording the pilot a reliable means 
for steering a true course. 

It is a well known fact that while the compass of an air- 
plane may point the true course, yet the airplane may, by the 
agency of a cross wind, drift out of its course to a very con- 
siderable extent without the compass indicating this fact. 

To correct the resultant error in aerial navigation, various 
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apparati have been developed which purpose to indicate the 
magnitude of the drift, enabling thereby the pilot to fly a true 
course. One of the most successful apparati of this kind is the 
Sperry Synchronized Drift Set, which operates upon the prin- 
cipal of the stroboscope. 

This apparatus, besides indicating the angle of drift, that 
is, the angle between the apparent and the actual direction of 
flight, is synchronized by mechanical means with the compass, 
so that the latter actually shows the true course without re- 
quiring manual adjustment to the reading of the drift indicator. 

The only objection that might be made to the Sperry Drift 
Set is that its operation requires the observing of the direction 
in which the wave crests are travelling. This apparatus conse- 
quently falls short of its object in foggy weather, when an air- 
plane flying at a level of several hundred feet may not see the 
sea at all for a considerable time. 

Therefore, while the Sperry Drift Set should undoubtedly 
be carried on board transatlantic airplanes, it would seem 
necessary to supplement it with an instrument that would 
indieate to the pilot his true course even in foggy weather. 
This requirement appears to be satisfied by the use of 
directional wireless. 

It is asserted that a radio direction finder can be obtained in 
the United States, which instrument weighs less than 100 
pounds and possesses a range of close to 1500 miles. Un 
fortunately it has not been possible to satisfy ourselves as to 
the reliability of this instrument, or as to whether it has ever 
been put to practical use. 

But to our mind it does not seem indispensible for the suc 
cess of the cross-Atlantie flight to have our airplanes fitted 
with instruments powerful enough to receive radio directives 
from two land stations, say the Azores and the Irish Coast. 

We strongly believe that to prevent the airplanes from drift 
ing out of their course it would be entirely sufficient to estab 
lish along the A. B. route a chain of suitable vessels—a kind 
of particularly sturdy pilot eutters—stationed, or, rather, cruis 
ing every 100 or possibly 150 miles from Newfoundland to 
[reland. 

Sinee the direction finders now in use on Allied and enemy 
aireraft have an effective range of 150 miles at the most, the 
trans-Atlantic airplane fitted with such an instrument should 
have no particular difficulty in keeping in constant touch with 
the pilot cutters and receiving radio directives from the latter. 

This scheme would necessitate the permanent stationing of 
twelve or eighteen pilot cutters in the Northern Atlantic, and 
would obviously entail a considerable expenditure. It seems, 
however, that if the cross-Atlantie flight is to become, instead 
of a mere sporting venture, a systematized service for the 
purpose of delivering American airplanes to the front via the 
shortest route available, nothing short of the above scheme will 
have to be put in practice. 

It should also be realized that the stationing of pilot cutters 
every 100 or 150 miles between the termini of the A. B. route, 
would also fulfill the valuable purpose of assisting in saving 
the crews of such machines as may have to alight on the 
Atlantic on actount of engine failure, and, possibly, of salvag 
ing the most important part of the airplane. 

The Airplane Required 


General Considerations.—In considering the airplane re 
quired for crossing the Atlantic, particularly on the A. B. route 
which the foregoing considerations apparently indicate as the 
most desirable of the three routes considered, it is first neces 
sary to decide upon the type of machine which would possess 
the most favorable features for such an undertaking. 

[It might seem, in view of the nature of such a flight, that a 
large seaplane fitted with a convertible undercarriage would 
afford the most promising solution for crossing the Atlantic, 
for such a machine could be fitted with floats for the overseas 
journey, and, having reached its destination, its undercarriage 
could be converted for over-land use. 

It is unfortunate that the flying-boat, though it possesses 
much greater seaworthiness than the float-type seaplane, can- 
not at present be considered in our plans, and this for two 
reasons : 

Firstly, the radius of total flight weight to useful, or dispos- 
able, load of the flying-boat is considerably inferior to that of 
the float-type seaplane, and a fortiori, to the land-going air- 
plane, all other things being equal. This is principally due to 
the considerable weight of flying-boat hulls, the weight item 
being caused by the necessary sturdiness of these hulls for 
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ocean service, lacking which these machines could not with. 
stand the pounding of heavy seas. ? 

It is obvious, that for an undertaking of this sort the carry- 
ing capacity of an airplane would have to be taxed to itg 
utmost limit, and that every pound saved in the weight of the 
structure could, and should, be employed for increasing by gp 
much the flight enduranee of the machine. Taking aver 
figures, it may be stated that while a well designed land-goi 
airplane will carry as much as one-half its flight weight ( fully 
loaded) in disposable load, flying-boats seldom are capable of 
carrying a disposable load much in excess of one-third the total 
weight. 

Secondly, the structural features of flying-boats being 
fundamentally different from those of land-going airplanes, it 
would prove well-nigh impossible to convert flying-boats for 
over-land use; this would naturally defeat the main purpose 
of our plan (i. e. the supplying by air of powerful bombing 
squadrons for use against Germany and Austria) and would 
limit the usefulness of our cross-Atlantie machines to the fune 
tion of acting as auxiliaries to the Allied naval forees. 

It follows that the flying-boat type should, for the present 
time at least, be taken out of our calculations for achieving 
the erossing of the Atlantic. 

There remain then to be considered the {‘oat-type seaplane 
and the land-going airplane. As against the latter, the sea. 
plane has the advantage of affording a materially greater 
unmount of safety to the crew, should the machine be compelled 
to alight on the sea on account of engine trouble, for the sea- 
plane might float, even in a rather heavy sea, long enough to 
enable the pilot cutters to come to the rescue. 

An ordinary land-going airplane, on the other hand, would 
obviously sink in a very short time, so that the chance of saving 
the aviators’ lives would indeed be very slim. 

However, in selecting the float-type seaplane as the. type of 
machine most desirable for crossing the Atlantic, it should be 
borne in mind that the floats of the seaplane undercarriage 
constitute a not immaterial item of weight, so that the all-round 
performance of such a machine must perforce be inferior to 
that of an airplane fitted with a wheeled undercarriage. As 
far as the disposable load of float type seaplanes, particularly 
of larger types, is concerned, this is somewhere between that of 
the flying-boat and the land-going airplane, that is, about 35-40 
per cent. of the total flight weight. 

It would, therefore, seem advisable to dispense with the floats 
entirely, if this could be done without putting in positive 
jeopardy the safety of the aviators, and rather seek a solution 
tending to make a land-going airplane capable of floating a 
certain length of time. 

This might be achieved by fitting the underearriage and the 
tail of a landgoing airplane with bags made of air-tight cloth 
which could be inflated from bottles of compressed air carried 
on board, and operated from the pilot compartment. Should 
the pilot be compelled to alight on the sea, the air bags would 
keep the machine afloat for a sufficient length of time to enable 
the erew to be rescued by the pilot cutters. 

Such an arrangement will be found hard to dispense with if 
either the A. B. or the Southern route be adopted for crossing 
the Atlantic, beeause—as will be shown hereafter—the greatest 
flight endurance that may be incorporated in a machine is still 
so limited as to require a very careful husbanding of all non- 
essential weights. 

Propulsion 

Propelling Apparatus.—The apparently most desirable type 
of eross-Atlantie airplane having thus been elucidated, one may 
now turn toward examining the general lines of the problem 
presented by the propelling apparatus. This is really a very 
important problem, requiring the most careful planning, sinee 
it may in the end directly determine the success or failure ot 
the undertaking. 

That the cross-Atlantie airplane should be fitted with more 
than one engine is self-evident if one takes into consideration 
the possibility of a breakdown, which may oceur with the best 
available engine. One is thus led to consider the twin-engined 
machine. ; 

Twin-engined airplanes do not, however, seem a very desit- 
able type for crossing the Atlantie because of the unfavorable 
aerodynamic features involved in flying such a machine on one 
engine only. Indeed, if a mechanical breakdown, or the neces 
sity of saving fuel, should compel the aviators to fly part of 
the journey on one engine only, then the off-centered pull of 
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the running engine will require a corrective setting of the 
mdders which will cause an appreciable increase in drag, and 
a corresponding slowing down on the flight speed. 

In view of these considerations it would seem that the three- 
engined airplane really offers the ideal solution of this problem. 
Such a machine might be fitted with either two eccentric tractor 
grews and a central pusher screw (like the Caproni biplane, 
for instance), or else with two eccentric pusher screws, with the 
engine in separate housings, and a central tractor screw, fitted 
on the nose of the main body. 

With this arrangement, by cutting out any one engine the 

wer would be reduced but one-third, as against one-half for 
the twin-engined machine, while if either eccentric engine be 


airplane as a whole, and the efficiency of the air screw. If in 
a general computation of this kind we were to consider only 
the wing efficiency proper, that is, the lift drag curve of the 
most suitable aerofoil, we would obtain somewhat misleading 
figures, for we would not know the values of body and tail 
drag, nor the values of the additional friction resistance gen- 
erated by the engine housings, the underearriage, the struts 
and stays, ete., ete. 

To determine the efficiency of a theoretrical airplane as a 
whole one must resort to empirical methods, that is, one must 
determine the efficiency coefficient of a great number of sue- 
cessful machines and then take the average obtained for a given 
type. 
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ANOTHER TRANSATLANTIC POSSIBILITY: THE THREE-ENGINED CAPRONI TRIPLANE 
Photo Press Illustrating Service 


eut out the off-centered pull would be reduced in the same 
proportion. 

In a four-engined machine the location of the engines is a 
more difficult matter. In the giant Curtiss triplane flying 
boat “ T” the engines were placed on one line, but this idea is 
not recommendable, as the two outside engines will have to be 
placed so far out that they will to a great extent interfere with 
the lateral balance of the machine. 

As a further development of the advantages resulting from 
the principle of having odd-numbered engines one conceives a 
five-engined airplane having three tractor bodies, which would 
carry the tail plane and two pusher bodies fitted in between. 
The greater splitting up of the power plant into independent 
units would naturally increase the value of this scheme, though 
there would be also a certain increase in dead weight, as well 
as body drag, due to the existence of five independent bodies. 

The Complement.—The complement should be made up of 
not less than four officers and men. Two of these should be 
pilots and expert navigators, while the rest should be air 
mechanies familiar with wireless operation. Since the pilot 
who flies the machine could not efficiently attend to navigation 
and wireless both, and the other pilot should rest in the mean- 
time until the time of his “ watch” came, it becomes obvious 
that the radio operators must be other members of the com- 
plement than the pilots. Here again, for the sake of efficiency, 
it seems highly desirable to have two rather than one wireless 
operators on board, so they may take their turn at the key. 

The Question of Flight Endurance-—Now that the general 
terms of the cross-Atlantie flight problem have been set down, 
one May examine the most delicate part of the project, namely 
the determining of the maximum flight endurance of a the- 
oretical airplane. 

As a matter of fact there are only two factors which funda- 
mentally influence this problem; these are the efficiency of the 


Following this rule it will be found that the maximum 
distance a theoretical airplane may travel on its own fuel is 
approximately 1200 English miles. 


Conclusion 


The foregoing considerations lead one to the following con- 
clusions regarding the possibility of crossing the Atlantic by 
airplane: 

(1) The political and meteorological factors are most favor- 
able on the A. B. route, and, in order of merit, less favorable 
on the Southern and Northern routes. 

(2) Given the present aerofoil and air screw efficiency, it 
appears impossible to build an airplane that will have a flight 
endurance greatly in excess of 1200 (English) miles. The 
aerodynamie factor is therefore distinctly unfavorable on the 
A. B. route (which requires a non-stop overseas flight of over 
1900 miles). 

(3) If it is nevertheless intended to send the airplanes 
across the Atlantic over the A. B. route, then the best way to 
achieve this undertaking is to use land-going machines fitted 
with floating bags in connection with specially constructed 
aerodrome ships of very large size, and eapable of keeping 
station under their own power. 

(4) The plan to create aerdrome ships and maintain them 
permanently in mid-Atlantic would naturally involve a very 
considerable expenditure, while it would not absolutely ensure 
the suecess of the undertaking. Though it might prove easier 
to land on such a ship with a moderate sea, and then take off 
similarly, in a storm the landing difficulties would be greatly 
increased, though they would surely not approach those that 
may be encountered on attempting to alight with a flying-boat 
in an Atlantic storm. 

(5) Should the plan to construct one or two aerodrome ships 
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be favorably considered, one might observe the following: 
The ships should be fitted with Diesel engines (to eut down 
obstruction and increase cargo capacity) of sufficient power to 
develop a speed of 5-6 knots; this should enable them to keep 
station in most of the weather they may encounter. Using two 
hulls joined together by a platform somewhat in the style of a 
catamaran would most likely prove successful. The platform 
should offer a landing area of at least 600 by 150 feet clear, 
and the ship should be protected against submarine attacks by 
internal construction, Bullivant nets, suitable armament, and 
possibly a number of patrol boats, as well as scout planes. 
The latter might also be of great assistance in locating ma- 
chines which have lost their course or have been disabled. 

(6) The maximum flight range of a practicable airplane, 
1200 miles, corresponds approximately to the longest overseas 
journey required on the Southern route. By throttling down 
the engines in proportion to the lightening of the airplane due 
to fuel consumption it should be possible to extend the flight 
range by some 150 or 200 miles, so that a certain safety margin 
would become available to take eare of incidental detours, 
such as due to fog, storms, ete. It should, however, be noted 
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that this margin is rather small to insure the success of a regu. 
lar airplane route across the Atlantic. 

(7) If, in spite of the unfavorable political factor the North. 
ern route be chosen for crossing the Atlantic, it would really 
seem materially less difficult to insure the success of this entep. 
prise. In those latitudes heavy storms constitute a mug 
greater problem than fog; low visibility must also be takep 
into account; but since these storms blow mostly from a. west. 
ern quarter and no flight should be attempted without carefyl 
weather forecast being available, the drawbacks of this route 
seem more apparent than real. Low visibility should neither 
prove an unsurmountable obstacle, since navigation will be by 
compass. <A real source of danger may, however, be found ip 
the violent upward and downward gusts, and cyclonic whirl. 
winds which are frequent in these latitudes. Against all thege 
drawbacks one must consider the very serious asset of the 
longest overseas distance, which amounts to only 940 miles, 
which comes to say that the theoretical airplane here considered 
would have a safety margin of over 33 per cent. The latter 
fact outweighs in our estimation the various objections that 
may be made against the desirability of the Northern route. 





The D. H. 5 Pursuit Biplane’ 


The D.H.5 pursuit biplarie herewith deseribed was built by 
the Darraeq Motor Engineering Co., Ltd., London, and bears 
the identification mark A 9435. It is a tractor biplane with 
a single pair of interplane struts on either side and with the 
wings set at a negative stagger of 0.695 m. 

Both wings have a span of 7.84 m. and a chord of 1.375 m. 
The upper wings are fixed to a center section, while the lower 
wings are joined to wing roots at the height of the lower 
bottom longitudinals. There is no sweepback, but both wings 
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have a dihedral of 172 deg.; the angle of incidence of the 
upper wing is 2 deg. amidwings and 21 deg. at the tips, while 
that of the lower wing is 24% deg. throughout. 


* Translated from Zeitschrift fiir Flugtechnik und Motorluftschiffahrt, 





The wing spars are of spruce and of I-section. The ribs 
are spaced from 280 to 350 mm., and between each two ribs 
there are two false ribs, reaching from the leading edge to the 
front spar. The interplane and ecabane struts are made solid 
of spruce, and the flying and landing stays are of streamlined 
wire. . 

Ailerons are carried on both wings, hinged to the rear spar. 
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The control leads, of streamlined wire, run outside the planes, 
below in front of the leading edge, and above, over the front 
spar. 

The body is of the ordinary four-longitudinal type braced 
by eross wiring, and is strengthened, in front, up to the pilot 











THREE-QuUARTER Front VIEW oF THE D.H.5 
From the Aeroplane 


seat, and at the rear, underneath the tail plane, by a plank- 
ing of 3 mm. plywood. Suitable formers give the body ™ 
front a near circular cross section, the whole body bemg 
covered with canvas. 
The undercarriage is of the V-type, with solid, streamlined 
wooden struts and a continuous axle which rests between two 
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guxiliary axles. The spring range of the axle is not limited 
jn any way. 

The tail plane is of one piece and is mounted on the body 
at an angle of incidence of 1 deg., without the customary in- 
eidence-change gear. The elevator is of the divided type, each 
portion having its own erank with single control leads. 
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mounted on the nose of the machine to the left of the pilot. 
The control is of the hydraulic type and the release is effected 
by means of a Bowden cable. 
a metallic belt and the box into which it runs is fitted directly 
below the machine gun, behind the engine. 


The cartridges are carried in 


The weight of the machine, empty, is 461 kg., and, fully 
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DETAILED VIEW OF Bopy In SIDE ELEVATION AND PLAN 


- The power plant consists of a 110-hp. rotary Le Rhone 
engine, which is known to have developed 130-hp. in earlier 
tests. The main fuel tank contains 100 liters of gasoline and 
the oil tank has a capacity of 21 liters; both are mounted 
behind the pilot. There is in addition an emergency gravity 
fuel tank ‘of 26 liters’ capacity, which is mounted on the upper 
starboard wing. The engine is fed from the main tank by 
compressed air, generated by a small air pump, which is at- 
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THE WING SECTION 


tached to the left forward undercarriage strut. The total fuel 
Supply insures a flight endurance of about two hours. 

The following instruments are mounted in the pilot cockpit: 
to the right, two fuel supply pipes with stop cocks, and a 
change gear for the-elevator control; on the instrument board, 
tachometer, speedometer, altimeter, spark switch, watch, and 
compass; to the left, fuel and oil throttles, and a hand pump 
for the air. Two machines of the same model, which were 
built by the Aireraft Manufacturing Co., Ltd., London, have 
the instruments disposed in a much handier manner and are 
also fitted with an electric lighting system for night flying. 

The armament of the D.H.5 consists of a Maxim machine 
gun, which is synchronized to fire through the airscrew and is 


loaded, is 694 kg. The wing area being 20.14 sq.m., and the 
horsepower being assumed 130, the wing loading appears to be 
34.4 kg./sq.m. and the power loading, 5.33 kg./hp. 
The great visual range of this machine is noteworthy, both 
forwards and upwards; this feature has been achieved by the 
80 
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DETAILS OF UNDERCARRIAGE 


negative stagger of the wings as well as by placing the tanks 
behind the pilot seat. While this arrangement does not possess 
any aerodynamic drawbacks for longitudinal stability, it would 
seem as if the increase of the angle of incidence of the upper 
wing toward the tips should unfavorably influence transverse 
stability. 





































Tubes and Tubular Structures* 


By W. W. Hackett and A. G. Hackett 


The present decade will pass down into history notorious for 
many things good and bad. It will be styled a time of im- 
provement in many ways. It will be remembered as covering 
the period of the world’s greatest war, but it will also be re 
membered among all trades appertaining in any way to engi- 
neering as the age of progress in the manufacture and manipu- 
lation of steel tubing. 

The section of tubular work in which we are more especially 
interested at the moment, however, is that which has relation to 
aireraft construction, and in this paper we hope to deal with 
some of the main features of this important subject, giving a 
brief review of the method of manufacture generally employed, 
of some of the difficulties that have had to be overcome, and of 
some of the forms of manipulation which it is possible to put 
upon good quality steel tubing. The latter part of the paper 
will deal with tests carried out on specimen tubes, under vari- 
ous conditions, and jointed together in different ways. All that 
we have to say will apply to seamless steel tubing. 


How Seamless Steel Tubing Is Made 


To commence the manufacture of a seamless tube a solid 
billet of steel, well hammered and rolled, is taken. This billet 
must be carefully e: amined for various faults, and any lamina- 
tion or surface defect removed by chipping, or else the outside 
of the billet must be turned all over, The usual practice when 
the latter is done is to turn about %% in. off the diameter of the 
billet. 

The first operation is then to pierce a hole. Two ways of 
doing this are in general use: one is by means of a hydraulic 
press, similar to the method of piercing shells so common in 
this country today, and the other by means of a rotary piercing 
machine. The billet, first centered with large shallow holes, is 
heated to about 1200 deg. C. and fed between rolls having a 
eurved outline and set at an angle which imparts a forward 
movement to the billet as it is rotated. Great pressure is used 
(which causes the billet to tend to open along its axis), and the 
billet is foreed against and over a pointed mandrel held on the 
end of a stout rod, which butts against a bracket at a distance 
of about 7 ft. from the center of the rolls. A billet, 4 in. 
diameter by 24 in. in length, will be made in one operation into 
a tube about + ft. to 5 ft. long. The pierced billet is then 
taken to another machine which is provided with upper and 
lower rolls having semi-circular grooves of various radii, and 
by a series of operations is rolled into a tube of the required 
size. The tube is passed over mandrels to give the required 
thickness. 

A much quicker process of rolling mild steel tubes is by 
means of Pilger rolls; but for high carbon steel or chrome 
nickel steel this process has been found to be unsuitable. 


Cold Drawing 


The first operation in the cold drawing mills is that of 
“tagging,” the hollow bloom (as the rough rolled tube is 
called) being reduced at one end by suitable semi-circular tools 
in a power-forging hammer. The tube in the drawing opera- 
tions to follow will be pulled through the dies by means of the 
“tag” thus formed. A small hole is also put into the tube 
at the point where the tag commences, in order to allow acid 
and water to work through the tube in the subsequent pickling 
and swilling processes, After being “tagged” the tube is 
annealed, pickled in a bath of acid to remove the scale, and 
then swilled in clean water. Following this, the tube is dried 
and then immersed in a solution of soap, or in oil, to lubricate 
it for the drawing operation. It is now ready for drawing. 

There are two methods of cold drawing in general use. One 
is by drawing down the outside diameter of. the tube upon a 
long bar of uniform diameter and then passing the tube, while 
on the bar, through rolls fived in a “ reeling” machine, which 
is similar to that used in the rotary piercing operation. In 
carrying out this method the tube is put on to the bar, which 
must of necessity be smaller than the bore of the tube to be 
drawn. The tube and the bar are then pulled through a die 


* Excerpt from a paper read before the Aeronautical Society of 


Great Britain. 
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of hardened steel of such a bore as will give the proper x, 
duction of gage to the tube. The tube is gripped on the “ tag” 
by means of “dog” jaws sliding on inclined planes. Th 
“dog” is moved along the draw-bench by hooks which gp 
dropped into the links of an endless chain. The chains moy 
at a speed of from 12 ft. to 35 ft. per minute, according to th. 
class of material to be drawn. This process of cold drawing 
permits of a greater reduction of thickness at each draw thay 
ean be obtained by the more usual process of plug drawing, 
but is rather harsh on the material, and the expanding of the 
tubing (already hardened by drawing) to allow the mandrd 
to be extracted sometimes cause splits and fractures. They 
are more likely to appear if this process is used after the tube 
has been drawn to a light gage. 

The second method is that known as “ plug drawing,” and 
is more usually adopted; in this case a short, hardened mandrd 
is serewed into one end of a long bar. This bar is screwed at 
the other end into a larger piece of steel known as the “ bag 
sleeve,” which is screwed and fitted with a nut at either end 
easting of the draw-bench. The nut at the back is used for the 
purpose of adjusting the position of the mandrel in relation 
to the die. 

The tube is threaded over the mandrel and the “ tag” is 
passed through the die, which rests against the die plate, Im 
mediately the tube is gripped by the “ dog” it commences to 
move, the mandrel at the same time being drawn forward into 
position by means of a rope or chain. A reduction in gage 
thickness and diameter, with an increase in length, is the result, 
due to the walls of the tube being drawn down between the 
mandrel and the die. The usual reduction by this method s 
about a gage and a half per draw on low carbon steel. The 
operation of cold drawing hardens the tube to quite a large ex- 
tent, and subsequent annealing is necessary. 

Annealing 

A properly annealed tube showing an ultimate tensile stress 
of about 30 tons per sq. in. should give about 38 tons after m- 
dergoing the drawing operation. To prepare the tube properly 
for further cold drawing it is therefore necessary to anneal 
after every drawing operation, which means it has also to be 
pickled, washed, dried, and lubrieated. A hollow bloom 1% in. 
diameter by 8 in. gage would require nine or ten “ draws” to 
make it into a tube 114 in. by 22 in. gage. The annealing s 
earried out in suitable muffles, usually at a temperature of 
about 600 deg. to 650 deg. C., until before the last “ draw,’ 
when a temperature of about 850 deg. C. is advisable. In the 
ease of light gage tubes, this should be done by “ close” an- 
nealing, as the sealing and blistering of a light tube by 
“open” annealing would be fatal. 

When a tube has been drawn to about 7/16 in, diameter 
there is great difficulty experienced in drawing on a mandrel. 
The usual practice is to finish 3g in. diameter tubes and smaller 
by reducing the diameter only, termed “ sinking.” The condi- 
tion of the tube finished in this way is not so good as when 
finished on a mandrel. the strength of the tube being less. From 
experiments made, tubes from .5 per cent carbon steel finished 
by “sinking” show about the same tensile strength as tubes 
from .35 per cent carbon steel finished with the usual “ draw” 
on a mandrel. 

Chrome Nickel Tubes 

The advent of airplanes and airships has given rise to @ 
demand for steel tubing of a higher class than before, tubes of 
high earbon and alloy steels being called for. This has meant 
careful investigation in order to find the best heat treatment 
to be accorded in each particular case. The first attempts at 
drawing chrome nickel steel were scarcely a success, and maby 
breakages of mandrels and even “draw-benches resulted from 
the unsatisfactory annealing of these tubes. Chrome nickel 
tubes are now being successfully drawn by the same methods as 
are used for mild steel tubing—by means of “ plug drawing 

but very great care needs to be taken in the annealing. 

The amount of reduction in gage per draw is less than half 
that which is usual in the drawing of mild steel, but in spite & 
this the wear on mandrels and dies is verv great. 
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A typical analysis of chrome nickel steel is as follows: 
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Such a steel, when air-hardened, has an ultimate tensile 
stress of about 100 tons, but a low elastic limit to a masimum 
value of about 70 tons. Tempering will raise the yield point 
and at the same time slightly reduce the ultimate stress. This 
steel is being much used for airplane axles. One feature that 
should be mentioned here is the very serious effect of sulphuric 
or muriatic acid on hardened chrome nickel steel tubing. It 
has the effect of making the material exceedingly brittle. It 
is therefore inadvisable to use acid to remove seale from a 
hardened chrome nickel steel tube; but the injurious effect of 


‘the acid can be almost entirely removed by suitable heat 


treatment. 

Acid affects other high terisile steels in the same way, but to 
a less degree, and has a considerable effeet even on mild steel. 

Section tubing has been extensively ealled for by airplane 
designers, and streamline tubing is used to quite a large extent. 
The first streamline tube our company (Accles and Pollock, 
Lid.) were asked to make was designed by Mr. Howard T. 
Wright in 1908, and is a section that is very near to the reeog- 
nized standard of today. Section tubing, the streamline-shaped 
tube especially, is much easier to make if straight. sides are 
avoided, as straight or concave sides compel the use of mandrels 
and add to the difficulty of production. There are three ways 
of making sections from seamless tubing—namely, by drawing, 
rolling and pressing. Pressing is only practicable on fairly 
short lengths. In drawing there is a slight reduction in 
periphery in passing from the round, but in rolling or pressing 
it remains the same. 

Some Difficulties Overcome 

It will be useful in this paper to review some of the trouble 
we have met with in connection with other trades where tubing 
has been used to a great extent, and to mention some of the 
failures as the same or similar faults may oecur in airplane 
construction, When the Bowden brake was first used on cycles 


and motor-cycles the practice followed was to drill the tube 


near the handle-bar lug to allow the cable to pass through, and 
this resulted in a large number of breakages. This difficuliy 
was overcome by drilling the holes through the lugs; but many 
accidents occurred before this practice was adopted. Under 
an alternating stress a tube which has been drilled, unless 
properly reinforced, is very likely to fail. A series of running 
tests on drilled and undrilled tubes has shown _that when 
stressed up to near its elastic limit the undrilled tube has in 
many cases ten to twenty times the life of the drilled tube. It 
is Often the case that the harder the tube the greater the risk 
of breakage through a hole. One way of breaking a hard- 
drawn tube, adopted in tube mills, is either to “ nick” the tube 
on one side with a file or to punch a hole in one side and then 
break by striking the tube on a block or anvil. 


Badly Designed Cycle Lugs 


Another series of failures was caused by unsuitable lugs. 
Some of those used in the earlier days of motor-eyeling had 


‘very strong outlets, and case after case of tube failure oc- 


curred. The tubing sometimes broke off so cleanly as to give 
the appearance of having been eut through. The broken tub- 
img could be flattened, thus proving it was ductile and in a 
proper condition for its purpose. In order to prove that the 
fault lay in the excessive strength of the lugs, a series of ex- 
periments was carried out a number of years ago. A lug, as 
generally used, was tapered off at one outlet and left strong 
at the other. A piece of tubing of the usual gage and quality 
was brazed into the lug and the lug firmly secured to a plate. 
The ends of the two tubes were then moved by eccentrics and 
connecting rods giving a 1% in. movement at a speed of about 
400 alternations per min.. Each time the experiment was tried 
the tube broke off cleanly close to the thick outlet, whereas the 
tube at the tapered outlet remained intact. 

Another interesting test was as follows: After brazing the 
tube into a lug with respectively thick and tapered outlets 
Similar weights were applied to the ends. The tube in the 
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tapered outlet bent with an easy curve, but that at the cather 
end bent abruptly close to the thick outlet. 

It has been proved to the satisfaction of many cycle and 
motor-cycle engineers that to keep on merely increasing the 
gage of a tube that appears to be too weak for its work is not 
always good practice. For instance, take the case of the front 
fork tube as used on the ordinary cycle. This tube has proved 
of ample strength for use on the excellent highways of this 
country, but for Continental roads something better was 
wanted, Some years ago we supplied a large quantity of front 
forks produced from 19-gage tubes to Russian cycle manufac- 
turers. We were asked to increase the thickness to 18-gage, 
on account of a number of breakages occurring. We did so, 
but matters were not improved, and we were then requested to 
increase further to 17-gage. There was still no improvement; 
indeed, the number of breakages increased. The forks all 
broke off where they were brazed into the crown, and we were 
asked by the Russian manufacturers to help them out of their 
trouble. One way of doing this would have been by ‘using a 
suitable liner or sleeve, but we tried another method, which 
proved quite successful. We brought back the gage of the 
tubes to 19 where brazed into the crowns and tapered the 
gage to 22 at the bottom ends. This proved effective; a lighter 
article by about 40 per cent, from the same quality steel, thus 
standing the strain successfully. This result is accounted for 
by the fact that the shock was more equally distributed along 
the tubing, due to the strength being reduced gradually, away 
from the brazed portion, whereas in the plain gage tubing the 
whole of the movement was concentrated in a very small space 
near the crowns. 

Tapered Tubes 


Tapered tubes could, in our opinion, be used in airplane 
construction to a much greater extent than at present, especial- 
ly as struts or spars. 

Alternating tests as follows were carried out at 400 revolu- 
tions per min. on 1-in. by .20-gage steel tubing, using two 
parallel lengths and two pieces tapered 44-in. per ft. A weight 
of 111.56 lb. was suspended on each tube at a distance of 1234 
in. from the grips, giving 25 tons stress. The plain pieces 
broke after 20,585 and 30,390 revolutions respectively, as 
against 23,557 and 38,225 revolutions respectively by the 
tapered pieces. The weight of the plain tubes was 6%4 oz. 
each, and that of the tapered tubes 61% oz. each. In both cases 
the break on the plain tubes was straighter than on the tapered 
one. 

There are several ways in which to taper a tube. A method 
much in use is that of swaging, but this is a most unsatisfac- 
tory way, as the tube is not kept round whilst being reduced. 
Swaging tools cannot be quite circular, as a certain amount of 
“backing off” must be given to them, or the tube will be 
pinched and crumpled. The continued deforming of the tube 
during this operation causes it to split if it is much reduced, 
and the steel is left brittle. Tapering is more successful if done 
on rolls, as it is then possible to keep the tube round, and the 
steel is left in a much better condition. In reducing the tube by 
tapering it is thickened in gage roughly by about two gages in 
a reduction of 50 per cent of its diameter. A tube of 1% in. 
by 20-gage would thicken to 18-gage if tapered down to 9/16 
in. diameter. If uniformity of gage be aimed at it would be 
necessary to thin the tubing before the tapering operation. 
This ean be done by drawing. It is even possible to make a 
tube tapering both in diameter and thickness if such is re- 
quired. 

Tubular Liners or Reinforcements 


Considerable attention has been given to the matter of liners 
as reinforcements to tubes. In eases of trapped or flattened 
ends of struts a piece of strip steel is often inserted and 
soldered or riveted into position. This is not good practice, as 
the tube is not strengthened beyond the point at which it is 
flattened, and it is well known that, without some additional 
strengthening, a tube is always weakest at the point where 
the change of shape begins. If, before flattening, a tubular 
liner of a gage equal to about half the thickness of the piece 
of strip steel is inserted to extend some distance beyond the 
trapped portion, a much better result is obtained. Various 
compression tests have been carried out from time to time, and 
the tubular liner has always proved to be superior. 

A liner, however. to be really efficient, should be brazed or 
soldered to the tube. A series of alternating stress tests has 
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proved this point. Many liners used in tubular constructional 
work are not fixed, and consequently do not prevent the tube 
breaking, but may be sufficient to avoid accidents resulting 
from such breakages. Take, for instance, a front fork tube on a 
motor-cycle. The liner, often a long one, is put in because this 
tube has frequently failed at the lugs and serious accidents 
have occurred, but the position of the liner in the fork makes 
it very difficult to solder or braze in its place. However, if a 
fork tube should break the liner will save the situation. 

It is not wise to make a liner stronger than the tube it is 
to reinforce unless the ends of the liner are tapered off gradu- 
ally or weakened by serrations. When the ends are serrated 
and the liner is not brazed or soldered into the tube this ser- 
rated portion is seldom of any value, as it quickly takes a 
“set” away from the tube when it has been subjected to a 
bending stress. 

Perhaps the better way to reinforce tubular parts is by 
means of strengthening “sleeves” brazed or soldered to the 
outside of the tube. Although in appearance not so neat as 
when an internal liner is used there is the certainty of being 
able properly to fix the sleeve in position. A drilled tube 1 in. 
by 20-gage was reinforced by a sleeve (in halves) 2% in. long 
by 18-gage thick, pressed into position over the hole. This 
tube was subjected to an alternating stress test at 400 revolu- 
tions per min. The sleeve expanded at the ends under the test 
and gradually became so “ bell-mouthed” as to be of little 
practical use. The tube fractured across the hole at 9320 revo- 
lutions. 

Another tube was cut from the same length, similar in all 
respects, but it had the sleeve soldered in position, This tube 
did not break until after 43,867 revolutions had been made, and 
then it failed between the sleeve and the grips. 

Another piece of tubing, also from the same length, having 
a plain hole drilled through and not reinforced at all, failed 
across the hole after 3684 revolutions. 

The following is a tabulation of the results just described: 


Sleeve pressed on only.............+.. 9,320 revs. 
“ soldered on 43,867 “ 
Without 3,684 “ 

These tests point to the fact that a sleeve merely pressed 
into position has little value, but that when fixed to the tube 
by soldering or similar means it acts as an efficient reinforce- 
ment. 

A number of tests were carried out at the time on laminated 
tubes, formed by drawing one light tube over another, to take 
the place of a tube of the same weight as the two combined. 
Under the few tests made the laminated tubes withstood vibra 
tion and shock much better than the plain heavy-gage tube. 
The only reason we ean assign for this is that cold drawing 
hardens the outside of the walls of the tube more than the 
center if the tube is a thick one, and by drawing together the 
two thin tubes to give the same thickness of wall the metal has 
the benefit of the double drawing operation. Further tests are 
necessary to prove or disprove this point. 
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Tube Manipulation 


The possibilities of tube manipulation such as butting, 
tapering, drawing with taper gage, expanding, flanging, bend 
ing, lapping, ete., are becoming better understood. Some de 
signers, however, while recognizing the usefulness of these dif- 
ferent operations, still ask for what is not commercially pos- 
sible, because they fail to make allowances for the alteration in 
the thickness of the tube which will oceur as the result of such 
operations. For instance, if the diameter of a tube is increased 
the thickness of the wall is reduced, and if decreased in 
diameter the thickness is increased. Again, if a tube is flanged. 
the flange will not be of uniform gage, but will decrease in 
thickness as it increases in diameter. 

A section of a bent tube cut from an F.E.2b undercarriage 
“V” strut was then shown. The gage of the tube had by 
bending been reduced on the outside of the curve from .061 in. 
to .048 in., and increased on the inside from .061 in. to .072 
in, The thinning of the tube would cause it to break if it had 
not been properly annealed; and, further, if proper mandrels 
had not been used, or the tubes had not been filled with suit- 
able material, a series of “ puckers” or “ corrugations ” would 
have been formed on the inside of the bend. Where proper 
thickening up of the wall along the inner curve takes place in 
bending the bent portion of the tube is the strongest, but if 
“ puckering ” takes place this point becomes the weakest. 
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Bending is sometimes carried out on steel tubes while in 
the hot state, but where strength is required this is bad pra 
tice, as by heating the tube is rendered much weaker thap jt 
would be if bent in the cold state. 


Tubular Joints in Aircraft Construction 


Generally speaking, structural work for aircraft purposes x 
today carried out by means of sockets placed in suitable pog. 
tions and arranged to receive the ends of the various tubulg 
eross-members and bracings. These tubes and sockets are egg. 
nected in three or four ways—namely, by brazing, by silvep. 
soldering, and by soft-soldering. 

Sometimes the sockets or lugs are dispensed with, in whi 
ease the eross-tubes are mitred and welded direct to th 
main tube. 

The latter method is not advisable except in very rap 
instances, as any operation involving great heat is dangerow 
owing to the weakening which results from the annealing o 
perhaps burning of the steel. 

Another method is sometimes employed in which erog. 
bracings are connected by means of a hinge joint to a sleeve m 
the main tube. 

It will be useful to give the results of some comparatiy 
tests made on these various methods of jointing tubular stru. 
tures, but before doing so we would remark that, in a pape 
like this, only the fringe of the subject can be touched. Every. 
one who is in any way connected with the practical side of 
aeronautical construction will readily call to mind many other 
types of joints, each designed for a special purpose or to over- 
come a constructional difficulty. 

Speaking from an experience of at least eight years, ip 
which we have been in touch with aireraft construction and de 
sign, we have met with a surprising amount of fluctuation in 
the respective popularity of soldering, brazing, welding, ete, 
for steel tube work, all these methods having been ruled out in 
turn only again to find favor in certain quarters. This is part 
ly due to the fact that machines designed by private manufac 
turers have been brought into great popularity and the methods 
and designs of such makers adopted. 

We have seen welding carried almost to e~cess and then al 
most abolished. Brazing has been boomed and then decried, 
and soft-soldering substituted for it—with a different type of 
lug or joint to allow for the reseued strength of the flux. This 
again has been deemed unsafe, and silver-soldering, or hard- 
soldering, has risen into prominence, and today one hardly 
knows which type really is the popular one, as on the machines 
now being built for war purposes all styles and types of jomt- 
ing may be found. 

One has to realize that in all these methods the human ee 
ment comes much into play. For instance, it is possible so to 
weld a joint that it appears to be sound, yet it may bes 
“ fake ’—metal being merely laid on and not fused with the 
surrounding parts. Or, again, the welded joint may be burnt, 
thus causing a dangerous weakening. 

Similarly with brazing, it is possible with care to make 4 
fine type of joint, but the probability is that in a certain per 
centage of eases overheating will take place and failure result. 

We will now deal with the results of a few experiments re 
cently carried out on certain of these types of joints. 

Soft-Soldered Joints 


Let us take soft-soldering first. In all cases the tests were 
made with a soft-solder composed of 60 per cent tin and # 
per cent using “ Fluxite” or some similar article 
a flux. 

Tubes of various gages were tried, but up to a certain point 
the strength of the soldered joint was such that the tube failed 
in tension without the joint giving way. = 

The strength of a soldered joint is much greater than it 
generally supposed to be, and from experiments carried out, 
the clearance or thickness of the soldering material does not 
between the limits of .001 in. and .008 in., make much differ- 
ence, but for any components that ean be guaranteed to size We 
would recommend as “thin” a joint as possible. 

A striking example of a strong joint of the type just 1 
ferred to was then given. The test on this joint was carried 
out in order to prove to the satisfaction of inspectors that the 
stipulated minimum clearance of .005 in. on the diameter W%# 
not necessary. In this particular case the elevator lever W# 
held stationary while a torsional load was exerted on the tube. 
The result speaks for itself. 
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One of the chief arguments against the use of soft solder is 
the reduction in strength resulting from vibration, it being 
daimed that this form of joint will not sustain a vibratory 
load nor 2 series of shocks. This may sometimes be right, but 
even under these conditions a very satisfactory result ean be 
obtained if the sweating is done thoroughly and well, and 
gdded strength is given if the joint be “ pegged.” 

Tests on Soldered Joints 

The writer recently carried out some experiments on what 
may be termed a “ Tup-testing machine” for soldered and 
brazed joints. The rising and falling tup is actuated by a bell 
gank lever, worked by a “sudden-drop” cam. The dead 
load on the tup shaft can be varied by means of a sliding 
weight. A standard drop of 4 in. was arranged for. 

It was at first thought that the effect of the “tup” action 
would be to quickly rupture the joint, but to our great sur- 
prise the joint held to such an extent that we found it neces- 
sary during the test to inerease the load from 10 lb. to 24 |b. 
The following are the details of the test: 

Size of tube: 1 in. 0/d. by 18-gage. 

Depth in socket (or lap): 42 in, 

Thickness of solder: .005 in. 

Number of blows: 113,500 with 10-lb. weight tup. 
Further number of blows: 64,000 with 24-lb. weight tup. 
At this stage the joint showed signs of giving way, so it was 

decided to apply a tensile test to see if the repeated blows had 
in any way deteriorated the solder. To our surprise the tube 
did not pull out until a load of 5.2 tons had been registered, 
giving the excellent result of 3.31 tons per super inch on the 
solder lining. 

As regards the general results of soldering, the following list 
of tests will give a good idea of the strength attainable under 
proper care and supervision. 

It may be urged that these results are not a fair basis on 
which to reckon, as they do not represent the ordinary work 
of the average operative. In answer, we would say that these 
results were all obtained from test pieces sweated by different 
operatives, in some cases being the work of girls with about 
two months’ experience. 

It may be possible to work out a formula to arrive at a 
basis for designers of soft-soldered joints, but even here, as 
in all calculations relating to structures, other factors have 
to be taken into account. For instance, a joint may be quite 
strong enough if in a 1-in. by 20-gage tubular joint the solder 
reaches to a distance of 1% in., and working on this basis it 
follows that the same distance for a 2-in. diameter tube of 
the same gage would be correct, but no one would be satisfied 
with this, and would naturally double the length of socket 
to meet the increased diameter. 

Generally speaking, it may be taken for granted that with 
ordinary care, and with a good quality of soft-solder, a joint 
ean always be made to withstand a shearing stress of 24% tons 
per super inch on the solder itself—provided (and this is the 
erux of the whole matter) that the articles are well tinned and 
cleaned prior to the operation of sweating. 

As regards the apparatus for sweating, different people will 
have a different choice, but having tried soldering irons, blow- 
lamps, coal-gas jets, and hydrogen flame, we have found that 
the three latter are about equal, and each is better than a 
soldering iron alone, but this latter is necessary for finishing 
in awkward corners. Eventually the use of a simple electrical 
device will probably become popular for repetition work. 

Brazing 


As previously mentioned, this means of connection still has 
many adherents. There is, however, a great disadvantage 
attached to it, viz., the risk of burning the tube owing to the 
intense heat necessary. That this burning and consequent 
Weakening does take place can be easily shown by the results 
of tests carried out by us on a cantilever testing machine. 

The tests were upon tubes which had been fixed into sockets 
and brazed or soft-soldered. 

Another point may be mentioned with regard to these tests. 
In one case the joint was “ faked,” the tube and socket being 
left dirty and improperly tinned in consequence of which the 
soldered joint had no “life.” Even under. these conditions 
the joint held for 75,130 revolutions, as against about 4,000 
for the brazed joint. At this point the socket failed, due to 
the insecure fixing of the tube. 

Another peculiar feature of this test was the heat generated 
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in the brazed tubes due to the constant working of the mole- 
cules. The tubes commenced to warm up almost immediately, 
and before they broke the temperature of the tubes near to 
the points of fracture (?. ¢., near the socket) was about 
120 deg. C., sufficient to cause the charring of any adjacent 
wood, whereas the soldered tubes remained quite cool until 
the last few minutes prior to fracture. 

We are quite aware that in many places on aircraft struc- 
tures brazing is permissible and good, but where any weaken- 
ing of a member is likely to cause disaster brazing should be 
carefully avoided. 

Silver-Soldering or Hard-Soldering 

The foregoing remarks as to brazing hardly apply to silver- 
soldering, as by this method a strong joint can be obtained 
without undue heat. We are not in a position at the moment 
to give any comparative figures of tests, but we should say 
that from the standpoint of tensile strength, silver-soldering 
is higher than soft-soldering, and very near to that of brazing. 
The heat necessary to perform the operation is lower than for 
brazing, and is not likely to weaken any members if reasonable 
eare is used. It is, however, a longer process, and the material 
used is very costly. 


W elding 


We may well ask ourselves in these days where we should be 
without some form of autogenous welding. The thousand and 
one articles that are built up of sheet metal welded together 
speak for themselves, and make us wonder how we ever got 
on without this useful engineering process. 

Still, welding has its limits of usefulness, and if exceeded 
danger may be near. 

In the early days of aeronautical engineering welding was 
often used in places and on parts where today it is “ taboo,” 
and such a method as welding tube to tube has dropped to a 
great extent out of favor, having been superseded by the more 
costly but better and safer engineering practice of jointing by 
means of machined or built-up tubular sockets, previously 
referred to. 

Welding—by whatever means it is done—is always open to 
a certain amount of doubt, and though there are innumerable 
eases where this doubt as to the strength of a joint is well 
covered for, yet, owing to the hidden nature of the defects of 
welding and the possibility of burning and oxidization, 
present-day designers avoid it in any important member of an 
aireraft structure. 

A mos@ important rule introduced during recent years has 
been the suitable annealing of welded joints, and this rule 
should be adhered to whenever possible. Many will have 
noticed the brittleness of a welded joint before annealing or 
normalizing, and the malleability of the same afterwards, 

On this point the writers have discovered within the last few 
months a rather strange fact. We had occasion recently to 
make up some small lugs, on which a certain amount of short- 
ening took place as the result of the welding on of the arm. 
We have since noticed this shortening in other tubes, some of 
quite considerable length, where various fittings have been 
welded on at intervals, and so far we have not arrived at a 
satisfactory explanation. 

For the sake of any who may not have been able to carry 
out their own tests on welded joints, it may be helpful if we 
here give the results of some experiments we have made. 

The easiest method of welding is the butt joint—. e., when 
two tubes are placed end to end and joined together to form 
one length or mitred together to form one piece. In such a 
ease the surfaces to be welded are readily accessible, and the 
flame has freedom for doing its work. 

A more diffieult type of welding is that necessary when one 
tube has to be mitred to the outside of another tube, as when 
forming a “T” lug. In this ease the easily melted end of 
the one tube has te be united to the outside surface of the 
other, and anyone who has had experience with welding will 
know how much more difficult it is to attack the hard outside 
skin of a tube or sheet than it is the edge. 

In order to prove this point’ we carried out tests on tubes 
measuring 1 in, outside diameter by 20-gage and 1 in. outside 
diameter by 16-gage—some being butt-welded and others 
having an interposed tube of about the same diameter, to 
which the end of each tube was welded. 

Comparative tests were made on a cantilever tube joined to 
the main member by welding, and a similar type of loading 
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was also tested for a lug, with the tube fixed in place by 
welding. 
The following were the results: 
remem mmees to babe... oo ces cc vc vccccwcade IDS. 
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Welding is often harshly criticized as regards its ability to 
withstand vibration, but even in this respeet we have found 
striking instances where the tube has broken before the joint. 

Some time ago we tried an intermittent shock and vibratory 
test on a machine. ‘This machine gave a series of vibrations 
to the tube, the blows due to the “ peg-cam” being 1,400 per 
minute. In some cases the tube broke off without the welded 
joint suffering in any appreciable manner, 

As regards welding of any description to be done on tubing, 
we do not advocate the use of tubing made from steel too high 
in earbon. A low earbon steel gives the better result, and it is 
also most essential that the phosphorous content of both tube 
and welding wire shall be low. 

Wherever possible we would suggest that the welding on of 
hinges and sockets to a main spar or post be avoided. To slot 
a tube or soften it by welding is unwise, and in place of any 
fixtures that at present demand such operations we recom 
mend a sweated and pegged fitting. 

Some e. periments were carried out by our company 10 orde 
to eonvinee some of our friends of the advisability of follow 
ing the course we have suggested. In one wiring lug 
is fired on a main spar’ by welding, and in the other by 
sweating and pegging. Alternating tests on 
the following results: 
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Rusti Prevention 
One further point remains to be mentioned. It is wa 
known that a long life for any modern airplane is not 
pected. The present necessary wastage in aircraft is guq 
that the question of internal rust and corrosion of the Steel 
work is not of serious moment. The time is coming, lhowever 
when such matters will have to be seriously considered. Py 
any post-war machines—especially if designed for genen 
traffic—the question of the length of life of g 
parts will be one of primary importance. Many experimen; 
have been carried out in this country with this end in vigy 
but nothing definite has been reached. 
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passenger 


We have experimented with two or three methods of pr 
serving from rust and corrosion, with fairly satisfactory p 
sults, and in the case of airship framework, subject as it is 


salt-water influence, we have used with fair success fh 


‘ cosletizing ” process. 


For soldered work, such as rudder and fin frames, we hay 


instituted at our works a thorough system of washing an 


brushing in hot soda water to remove all traces of the flu it 


or the flux, and we think this is most essential. 
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conclusion, we would say that “the last word” in tube 
and tubular structures has not by any means yet been spoke, 
With 
ever-increasing shortage of seasoned timber, the extended ww 
future years in hot climates, with all tk 
timber, the “all-steel” machine will wm 
doubtedly soon become a reality and a necessity, and conte 


the inerease in the size of machines, the constant ani 


of machines in 


elimatie effects on 


quently the subject of tubes and tubular construction assume 


increasing importance. 
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. Some New Enemy Airplanes 
Ot e. 


* SU §=6Several new types of German airplanes have made their The Albatros D.5 
* Sted appearance on the Western front since the launching of the The Albatros D.5 pursuit machine, or single-seater fighter, 


wever, at German spring drive which is now victoriously being as the English call it, is a development of the model D.3 of the 


Fe rolled back by Marshal Foch. For the success of this offensive same firm, placed in commission in the spring of 1917, and de- 





fa the enemy relied on a gigantic concentration of men, guns of — rived from the Albatros D.1 and D.2 which first appeared in 
Of al i) calibres and airplanes of all types. While many of the the battle of Verdun, in 1916. It is noteworthy that there is 
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latter were newcomers in the equipment of the German Air no record of an Albatros D.4 ever having been captured, so 
Foree, considerable reinforcements were also obtained by it may be surmised that this model was never used at the front, 
stripping the Eastern front of machines of the general purpose 
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oken Front ELEVATION OF THE ALBATROS D.5 Sipe ELEVATION OF THE ALBATROS D.5 
and 
1 use 
th possibly because its trials were unsatisfactory. The principal 
ee characteristics of the four known models of the Albatros 
Fe D.-class machines, all biplanes, appear in the following table: 
Onnse- ” 
umes 
Tue ALBATROS PURSUIT MACHINES 
Model D. 1 D. 2 D3 D. 5 
= sla eee MCN Tee 
. Span, upper... 8.60 m. 8.43 m. | 9.03 m. 9.00 m. 
Span, lower... 8.05 m. 8.00 m. | 8.75 m. 8.70 m. 
— O. A. Length... 7.30 m. 7.30 m. 7.33 m. 7.30 m. 
A O. A. Height.. 2.90 m. | 2.65 m 2.85 m 2.45 m. 
é Engine...... ; Mercedes | Mercedes Mercedes Mercedes 
=| POWSP. 22... 160 hp } 160 hp. 160 hp. 180 hp. 
| Wing area.... 25 sq.m. | 24.50 sq. m. | 21.13 sq. m. 20 sq. m. 
Weight, net.. eS 684 kg. 660 ke. 
Weight, gross. | 924 kg. 885 ke. 





While the Albatros D.5 does not by any means represent the 
last word in German pursuit machine design, the type having 













































PLAN OF THE AxLBatROS D.5 


type, such as the Rumpler C.III, the Albatros C.III, and the 
L.V.G. C.III, which had previously been relegated to Russia 
on account of their obsolescence. 

Of the new types of German airplanes many have lately been 
brought down by Allied aviators, thus becoming available for 
detailed examination. The descriptions which follow have been 
summarized from information appearing in L’Aérophile, The 
Aeroplane, Flight and Flying (London). 














COCKPIT OF THE ALBATROS D.5 
Photo Press Illustrating Service 


lately been displaced to some extent by the Pfalz D.3, the 
Fokker triplane, and the D.7 models, the Albatros D.5 is 
nevertheless interesting on account of the considerable reputa- 
tion it enjoyed among enemy fighting pilots. Baron von Richt- 
hofen’s “ flying cireus ”—which the French called the “ Tango 
THREE-QuARTER Rear VIEW OF THE ALBATROS D.5 squadron ”—was by the way for a time exclusively mounted on 

Photo Press Illustrating Service these machines, and it was only a short time before the famous 
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enemy leader’s death that the equipment was 
Fokker triplanes. 

The Albatros D.5 resembles outwardly the Baby Nieuport, 
which is particularly due to the V-type interplane struts of 
which there is one pair on either side of the body. The planes 
are of nearly equal span, and are set at a slight positive stag- 
ger, without sweepback. The upper plane, which alone car- 
ries ailerons, is of one piece and is fixed to the body by means 
of an N-type cabane of streamlined steel strutting; the lower 
plane consists of two panels which are directly joined to the 


changed to 

































































PLAN OF THE FOKKER D.7 


lower body longitudinals, and not, as is now customary on 
most enemy machines, to wing roots. While the upper plane is 
rectilinear, the lower plane embodies a slight transverse 
dihedral. 

The body is of monocoque construction, being built up of 
six longitudinals, acting as stringers, and a number of form- 
ers, the whole being covered with cloth-covered plywood. The 
eross section of the body is of oval shape, whereas the D.3 had 
straight sides. 

The tail plane and the vertical fin are integrally built with 
the body formers and are covered with plywood; elevator and 
rudder, both balanced, are built of steel tubing and are cloth- 
covered. 

The engine is a 180-hp. Mercedes (new 160-hp.) and is 
covered by a streamlined cowling conforming to the body sec- 
tion, which leaves only the cylinder heads exposed. The air- 
serew carries a small spinner. 

The armament consists of two Spandau machine guns which 
are mounted in front of the pilot and fire through the air- 
screw by means of an interrupter gear. 


The Fokker D.7 


But for the fact that it is a biplane, the Fokker D.7 is very 
- similar in general outlay and constructional details to the 
well-known pursuit triplane of this firm.* Like the latter, the 
Fokker D.7 embodies an abnormally deep wing section, wire- 
less wing design, exclusive use of steel tubing with mostly 
welded joints in the construction of body, interplane and 
eabane struts, tail unit, and undercarriage, and, finally, the 
aerofoil-shaped casing of the wheel axle. The most notable 
departures of the D.7 from the 1917 triplanes consist in that 
the engine is a 180-hp. Mercedes, as against a 110-hp. rotary 


* See the June 1, 1918, issue of AVIATION, 
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Oberursel-Le Rhone, and in minor details of the wireless wing 
design. 

Both upper and lower planes are in one piece, the spans 
being 8.93 m., and 7.75 m., respectively, and are heavily stap. 
gered.. The chord of the upper plane, which alone carrig 
ailerons, is 1.60 m. and that of the lower plane is 1.20 m.; the 
latter is virtually a geometric reduction of the upper plane 
There is no sweepback, nor any dihedral due to the setting of 
the wings, though the decreasing depth of both planes towar 





Sipe ELEVATION OF THE FOKKER D.7 


the tips actually introduces a slight transverse V into the wing 
unit. 

The upper plane is supported from the body by means of 
a system of streamlined steel struts, as herewith illustrated, 
three of which, forming a pyramid, unite in a welded joint 
which is secured to the forward wing spar by a single bolt, 
while the fourth strut runs from the lower body longitudinal 
to the after wing spar. Of the three struts forming a pyramid, 
the forward one is welded to the engine bearer—which is a 
large diameter steel tube=-while~the middle and after struts 
are welded to the lower and upper body longitudinals, re 
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CONSTRUCTIONAL DETAILS OF THE FOKKER D.7 
From Flight 


spectively. Provision is made for changing the angle of i 
cidence of the upper plane by fitting the lower end of the rear 
inner struts with a threaded eyebolt; no incidence change geat 
is however provided on the lower plane. 

The interplane struts are of the N-type and are attached 
the wing spars by ball-and-socket joints, those for the front 
top spar and lower rear spar being fixed, while threaded bolls 
screwed into the strut ends abutting on the upper rear a2 
lower front spars afford means for adjusting the incidenc 
There are no landing or flying wires. 
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As has been said before, the planes decrease in depth 
fowards the tips, the maximum depth of the upper plane be- 
ing 0.24 m., while at the tip it is only 0.125 m.; the maximum 
depth of the lower plane is 0.18 m. : 

Unlike on the triplane, where the wing spars were placed 
so close together as to form a single box, separate box spars 
gre used on the D.7; these are built up of spruce flanges and 
threeply webs, and taper in a vertical as well as in a horizontal 
—_—  §€§8€=C. ' + pas 

The wing ribs, which are spaced 0.30 m. apart, are similar 
to those of the triplane,* except ‘that a two-piece flange takes 


*#See the July 15, 1918, issue of AVIATION. 


AVIATION 









237 


the place of the old grooved one-piece flange and that connec- 
tion between web and flange is not done by vertical tacking. 

Instead, the two halves of the two-piece flanges are held 
together and to the thin web by transverse tacks driven through 
alternately from right to left, and riveted over. According to 
marks stencilled on the wings both planes are set at 0 deg. 
incidence. 

The overall length of the machine is 7.02 m., and its overall 
height 2.80 m. The armament consists of two synchronized 
Spandau machine guns. No information is as yet available on 
the performances of this machine. 


(To be continued) 


The Ornithopter’ 


By Herbert Chatley 


There is very little probability that any new form of 
flying device will be originated during the Great War, since 
the talents and experiments necessary can be more usefully 
devoted to the improvement of the airplane. The latter has 
proved so successful that there is small prospect that any rival 
could develop to a comparable degree of efficiency in the pres- 
ent environment. 

Nevertheless it cannot but be of interest once again to con- 
sider, in the light of our greatly advanced knowledge on the 
subject of flight, the problem of the real bird machine. That 
type promises certain things which it is difficult to conceive 
the airplane can ever supply, the lack of which constitutes 
almost its only serious drawback. These are:— 

(1) The ability to rise without large forward speed. 

(2) The ability to land without great velocity relative to 
the earth. 

(3) The ability to hover. 

There is also the possibility of a higher efficiency, but this 
is somewhat uncertain. 

On the other hand, it seems certain that an ornithopter 
would have certain undesirable qualities which may prove 
insuperably harmful. These are :— 

(1) Mechanical complexity. 

(2) High structural stresses. 

(3) Variable dynamic stability. 

(4) Small rigidity in the supporting surfaces. 

(5) Intermittent support. 

In spite of the partial success of some flapping models, it 
is by no means quite clear how wings, properly se called, act. 
The naturalist school differs widely in its opinions, and even 
the Marey sphygmograph records are not decisive. 

There are two types of difficulty :-— 

(1) Ignorance as to the aerodynamic reactions on an oscil- 
lating wing. 

(2) The complexity and continuous change of the mechani- 
eal conditions of equilibrium. 

The first is got over (it may be to some extent incorrectly) 
by assuming that at any one moment the reactions are the 
same as would occur in a state of similar but steady motion. 

As far as the second is concerned, two obvious conclusions 
oceur :— 

(a) The mean upward thrust must be equal to the weight 
supported. 

(6) The mean forward thrust at constant horizontal speed 
must be equal to the horizontal resistance. 

The resultant thrust must then be upwards and forwards. 
It does not, however, wholly necessarily follow that the ef- 
fective wing stroke must be downwards and backwards, as 
Pettigrew believed, since the horizontal velocity must be taken 
into account. If the wing moves vertically downwards rela- 
tively to the body it will provide a forward thrust component 
if it slopes downwards and forwards at an angle of a value 
between certain limits. These limits are difficult to fix. The 
resultant motion of the wing with respect to the air is composed 
of the vertical velocity relative to the body and the horizontal 
Velocity of the whole machine. In order that there shall be any 
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* Courtesy of Aeronautics. 


lift at all the chord plane must make a positive angle of attack 
with this direction of resultant motion. Hence the superior 
limit to this angle of depression is the direction of resultant 
motion. In order that the drag shall be overcome the resultant 
force on the wing must have a forward component, and the 
angle of attack at which this vanishes (i.e., the thrust becomes 
perpendicular) determines -the lower limit. 

On the upstroke the reaction is downwards if the angle 
of attack is negative, and backwards if the angle of attack 
is positive. Since energy would then be consumed uselessly 
in either case, I deduce that the angle of attack on the up- 
stroke should be zero—i.e., the wing should run in the wind, 
which means that the chord plane coincides with the direction 
of relative motion. There is, of course, a small frictional 
drag downwards and backwards, but this cannot be elimi- 
nated. If the upstroke is made in the same time as the down- 
stroke (any increase of speed would increase this harmful 
skin friction and also change the direction of absolute motion, 
but nevertheless may be permissible), then during the down- 
stroke the mean vertical foree must equal twice the weight, 
and the mean horizontal forward force must equal twice the 
mean horizontal resistance. The machine will necessarily 
fall somewhat during the upstroke, so that the period must 
be short (there is a suggestion here of a relation between 
the period and size, but I am not clear what it is), and it 
may be necessary to take into account the velocities devel- 
oped during this fall. Such a vertical oscillation is quite 
apparent in the flight of large birds. 

Rayleigh has made a brief analysis on these lines, and I 
developed the argument mathematically some years ago in the 
Journal of the Junior Institution of Engineers. 

A complete investigation must proceed to deduce the proper 
wing position at all horizontal speeds, and there seems little 
doubt that there is a general relation between the period, 
angles of twist, horizontal speed, wing area, span, and weight. 

Presuming this problem solved and the conditions of dy- 
namic stability are also settled on the lines laid down by 
Bryan, it only remains to consider whether the fundamental 
assumption as to the reactions is true, and I have no doubt 
at all that some modifications must be introduced. The foi- 
lowing considerations enter into the question :— 

(1) A purely mathematical one. The root of the mean 
Square is not the same as the mean, so that if the velocity 
varies periodically the mean resistance is not the same as the 
resistance corresponding to the mean velocity. 

(2) The accelerations of the air stream relative to the wing 
will cause additions, positive or negative, to the reactions. 


(3) The “wake” will move about in a complex manner, 
which will cause the addition of a “ virtual mass,’ which may 
or may not be of importance. Fitzgerald has suggested this 
as a means of assisting sustenation. 

(4) The rotation of the wing introduces new torques of 
possibly important amount. 

Some light can be thrown on these questions by experiment 
with oscillating air screws, such as Cooper’s, or the fish-tail 
type used in China and elsewhere for boat propulsion, and 
with fixed or oscillating airplanes in a pulsating current. 
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Performance of the Hannover Biplane*—The following 
figures relating to the performance of the Hannover biplane 
fitted with a 180 hp. Opel-Argus engine are now available: 

Service ceiling, 15,000 ft. Estimated absolute ceiling, 
16,500 ft. Maximum altitude reached, 14,400 ft. in 39 min. 
10 see. Air endurance, 24% hours at full speed and at 10,000 
ft. level, ineluding climb. 


Pounds. 
9579 


CP. cock sc deesceneenen 2572 
Ps ce ceh cas bib edeees eee bgesieles cet : 545 
i Mc <6 act bleeciucea ees es 7.29 
a+ ds aids ai 6.604. 6d 4 t-0:4' 60518 sie 14.3 
m.p.b r.p.m, 
Speed at 10,000 ft...... ee b Sd ihe wo 96 1565 
Speed at 13,000 ft....... lak caliiieh at ak lier ein’ aie a S916 1520 
Air Engine Rate of 
Speed, Speed, Climb, 
m.p.0 r.p.m ft.p.m. 
Cee OS .-Ciee Be. ccccc wees 68 1495 590 
Ud Serres 65 1475 340 
EE Gs coe ewes secs 62 1445 190 


Aerial Legislation. By Edgar C. Middleton—One may say 
that aerial legislation comes under three broad headings; in- 
ternational, national and personal. Whatever form this legis- 
lation may take in the future it must be of an international na- 
ture; defining territorial boundaries, trade-routes, commercial 
and military altitudes, wireless control, police patrol, general 
flying laws, identification marks, lighting, lighthouses, mark 
boats and salvage; giving jurisdiction in the matters of col- 
lision, casualty and aerial rights. Preferably such a body 
should be Franco-British-American. Necessary as it has been 
to drive Germany from the seas, yet more must she be kept 
from any sort of control of the air. For, with its great 
spaces and limitless boundaries, flying will offer unusual seope 
to her national characteristics of cunning and treachery. 

As far as the present law rules, both private and national 
rights are valid within the three-mile territorial waters limit. 
And, also, as a certain aerial authority lays down—there is 
no legal justification for his ruling—for 2,000 feet of air 
over and above a man’s property. Both these areas will come 
under national government. But at least 80 per cent. of 
commercial flying will be in the International Zone. It is 
unnecessary to emphasize the need for instructional control 
of that zone, and more especially as it affects the principal 
aerial trade-routes round the world. For instance, Lord Mon 
tagu’s Anglo-Indian air-route: London-Leipzig-Tarnopol-Lu 
gensk-Guriff-Bokhara-Peshawar-Caleutta falls within exaetly 
seven different administrations—British, Belgian, German, 
Russian, Turkestan, Afghanistan and Indian—all with differ 
ent languages. Imagine the complications. 

For general flying the old laws of two converging aircraft 
steering to the right of one another at a distance of 100 
metres, and an overtaking airplane not approaching further 
than 100 meters on the right or 200 metres on the left of the 
overtaken airplane, nor turning in across the bows of other 
aireraft will be useful—if primitive. But the control of the 
traffic in the fairways is another matter. Congestion in the 
air spells grave danger. Either the policy of varying altitudes 
for varying types of aireraft—International for aircraft of 
120 m.p.h. or under, up to 6,000 feet; 6.000 to 8,000 feet for 
commercial craft, with a speed of 120-200 m.p.h., and any 
altitude over 8,000 reserved for Government craft or battle- 
planes—will be adopted; or the craft will be divided from one 
route to another by local wireless control. Prominent identi- 
fieation marks will be necessary in both eases; also an elabo 
rate system of wireless control; and lighting—presumably red 
to port and green to starboard—for night flying. Otherwise 
there promises to be a revival of the piracy anc privateering 
of the early sailing days. 

The latter falls quite without the scope of national legisla 
tion. Only combined action of the nations will keep the skies 
clear of the menace of the air robber. Certain it is that such 
local and national laws as may be laid down must be merged 
into, and subservient to the international control. And, for 
this purpose, one cannot imagine a sounder guarantee for the 


* See the July 1 and 15, 1918, issues of AVIATION, 
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peaceful development of aviation than President 


League of Nations. 
Flying (London), August Mth, 1918 


Aerial By C. Patrick Thompson—The 
resolute onward march of such designs as the Sopwith, the 
Handley-Page and the Caproni, has lifted the possibilities of 
aerial transportation out of the rut in which it has lain hither. 
to, and beyond which the contemporary press conjectures 
hesitate to venture—that merely of the carriage of mails. 
That, indeed, may for some time to come prove the limit to 
which airplane transportation will be put; but the 130-ft, 
span weight-carrying machine now in use on the battle-fronts 
is a model which will expand and grow from year to year, and 
is not optimistic prophecy to assume that each year will see 
that model improve and advance, growing ever larger, higher- 
powered, more stable, less heavy-flying and more capable of 
sustaining proportionately heavy burdens than each of its 
predecessors, of which, for purposes of comparison, we may 
take the 1918 big bombing plane to be the first. And we shall 
expand in the development of such construction until conceiy- 
ably the mail-earrier will be a comparatively small, light and 
speedy type amid fleets of heavier planes with a cargo 
capacity of anything from five tons upwards. When one 
comes to think that already there are planes capable of flymg 
four hundred miles at sixty miles an hour with a load of 
bombs that a heavy three-ton service truck would be hard put 
to convey by road at a greater speed than fifteen miles an 
hour, the prospect of a long-distance cargo-earrier in 1920 
does not le in the realm of extravagant fancy. 

In the consideration of these things, however, there project 
two salient points which more perhaps than any doubts con- 
cerning design, construction, or engining, tend to darken the 
prospect of the future of aerial transportation, and they are 
the cost of machines for land transport as opposed to the 
eost of these huge airplanes and the enormous fuel consump- 
tion of the latter. 

At present, when machines and engines are designed purely 
from the viewpoint of military efficiency, and cost is more or 


Wilson’s 


1 rans portation. 


less a negligible factor, one can but vaguely guess at the 
future possibilities of cheap quantity production and the 


design of engines that are economical in fuel at the cost of a 
certain loss of speed. Yet it is clear that the airplane engine 
running practically continuously on full throttle will never 
be anything but a prodigal consumer of fuel. Moreover, by 
reason of its perpetual exertion of full power, the item of 
renovation and depreciation will be a considerable one; modi- 
fied, it is true, by the application of the discoveries of the 
experimenter 1n alloys. 

Beyond the initial cost of machines, and the expenditure on 
upkeep, and the running expenses, there will be no further 
important financial outlay to be faced, saving only the rental 
of landing grounds and the erection of stages. To a great 
extent these expenses may be’ covered by the advertisement 
revenue. For it is certain that these landing places will be- 
come great publie centres, more especially when news bureaus 
are established and the latest stop-press from five continents 
is posted up or proclaimed by speaking-machines within a 
few minutes of the winged messenger’s arrival. 

The opposition to any expansion of aerial transportation 
to cover a larger field than the carriage of mails is bound to 
be violent and widespread. The railways are not likely easily 
to tolerate interference with what they have come to look 
upon as their prerogatives; and it must be remembered that 
they are a mighty power before which the aerial syndicates in 
their infaney may well stand appalled. 

For they represent, not merely the few dominating figures 
in eontrol, but a host of shareholders, workers of all grades, 
and the rich landowners, for the use of whose ground the 
railways are paying heavily—in brief, a whole powerful little 
world. These elements will be resolutely unwilling to encour- 
age the development of the big weight-earrying machine, and 
we may expect insidious campaigns ridiculing or denouncing 
the wider aspects of aerial transportation. It will be a con- 
tinuous struggle against such forees from the very com- 
mencement. 




















The New York to Chicago Air Mail 

The test flights of the New York to Chicago airway mail 
service were brought to successful conclusions last Friday eve- 
ning and Saturday morning, when both mail pilots safely 
landed their machines at the Western terminus of the projected 
route. 

Pilot Max Miller, flying a Standard mailplane, landed in 
Chicago 36 hours and 56 minutes after he took to the air at 
Belmont Park, New York. He carried 400 pounds of mail. 
Pilot Miller’s flight was not uneventful, for after leaving New 
York at 7:09 o’clock Thursday morning, Eastern time, he 
was forced to land on the outskirts of Cleveland, slightly dam- 
aging his machine, at 9:20 o’clock that evening. A stiff wind 
had blown him 150 miles out of his course. 

Following an overnight stay in Cleveland, Pilot Miller re- 
sumed his flight to Chicago the next morning, arriving at 7:05 
o'clock Friday evening. Thus it will be noticed that a con- 
siderable portion of the time required for the mail delivery 
was consumed by the halt in Cleveland. 

Pilot Edward V. Gardner was in charge of the second mail- 
plane, a Curtiss machine, and he made his start from Belmont 
Park two hours after the first machine went up. He arrived 
in Chicago at 6:30 o’clock Saturday morning, despite con- 
tinual motor trouble and a forced landing at Westville, Ind., 
Friday evening on aecount of smoke and darkness. 

The Post Office Department is well satisfied with the result 
of the test flights last week, for it was expected that the 
pilots would have more or less difficulty im picking their way 
for the first time across the mountainous regions over which 
the mail route lies. The report of the pilots as to the advan- 
tages and disadvantages of the way as plotted at present is 
still to be received and considered. 

When in daily operation, which will probably not be at- 
tempted for another eight weeks, it is planned that the mail- 
plane will leave New York at 6 a. m., arriving in Chicago at 
4 o'clock in the afternoon. The eastward flight will start at 
the same hour, but will, of course, not be completed until an 
hour later, because of the difference in time between the two 
cities. 

If the tentative route undertaken in the test flights is per- 
manently accepted, stops will be made at Lock Haven at 8:30 
a, m., at Cleveland at noon, and at Bryan, Ohio, at 1:30 p. m. 
The schedule calls for a speed of 80 miles per hour, which 
should easily be maintainable unless heavy head winds are en- 
countered. A halt of 30 minutes is to be allowed at each of 
the three landing stations for oil and gas. 

The entire distance of the air mail will be 745 miles, di- 
vided as follows: New York to Cleveland, 418 miles; Cleveland 
to Chicago, 322 miles, and about landing fields, 5 miles. 

The report of the test flights is awaited with interest, as 
Second Assistant Postmaster General Otto Praeger has de- 
clared that the air mail would only be established if the trip 
can be undertaken every day in the year, and that the schedule 
will not be disarranged by storm, sleet or snow. 

“We must be guaranteed that the route will be a complete 
success before it is established,” said Mr. Praeger. “ The 
record for the Washington to New York trips shows 100 per 
cent. efficiency for August. No time was lost on any of the 
trips, and, if established, we expect to see the New York to 
Chieago route equal this record. 

_ “The postage rate will be the same on all the routes, that 
is, 16 cents for the first ounce and 6 cents for every additional 
ounce. 

Next spring we will instal a night service, when machines 
will leave New York at 9 o’clock in the evening with the heavy 
afternoon mail, and arrive in Chicago the next morning in 
plenty of time for the first morning delivery. 

p “The New York to Chicago route,” Mr. Praeger added, 
will be the last air mail route installed by the Post Office 
Department until the end of the war.” 

Pilot Miller started on the return trip from Chicago back 
to New York early Monday morning. He made a landing at 
Cleveland, after his plane had developed radiator trouble, 
making the run from Chicago in 3 hours and 10 minutes. He 
was delayed at Cleveland for two hours, but resumed his 
flight, and reached Lockhaven, Pa., where, owing to more 
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He left there at 
9 a, m. Tuesday and arrived at Belmont Park at 11:22 a, m. 


radiator trouble, he remained over night. 
He carried 2,000 pieces of mail. After a short rest he began 
a flight to Washington. 
Pilot Gardner reached Belmont Park late Tuesday night. 
He encountered foggy weather. 


Mr. Baker and Mr. Ryan in France 


The arrival of Secretary of War Baker in France on his 
second visit to the fighting front was announced in Washing- 
ton on Sept. 9. 

He was accompanied by John D. Ryan, Second Assistant 
Seeretary of War and Director of the Air Service; Major Gen. 
William C. Gorgas, Surgeon General of the Army; Brig. Gen. 
Frank T. Hines, Chief of the Embarkation Service, and Lieut. 
Col. George H. Baird, Military Aid to the Secretary of War. 

Mr. Baker and the official party made the journey on an 
army transport which earried the usual quota of United States 
troops. The duration of Mr. Baker’s stay in France is given 
as “some weeks.” 

Mr. Ryan went to France primarily to familiarize himsel? 
with the Air Service under actual fighting conditions. It is 
his first trip to France since his appointment as Director of 
Aireraft Production. One serious difficulty with the Air 
Service of the army is the great distance which separates the 
field of active operations from the production facilities in this 
country. Orders sometimes come from France which are 
countermanded in process of execution. To bring about closer 
cooperation between the Air Service in France and in this 
country is the immediate purpose of Mr, Ryan’s visit. 


Aerial Postal Service for Norway 


An aerial postal service for Norway. has been undertaken 
as a private enterprise. A company with a minimum capital 
of $670,000 and a maximum of $1,340,000, guaranteed by 
several Christiania banks, has been formed for this purpose. 
It is announced that the service will probably include the trans- 
portation of passengers, besides carrying the mail for that 
country. 

The airplane route is planned to lie from Christiania along 
the southern and western coast of Norway to Christiania. 
Stavanger, Bergen and Trondhjem. The time required to 
cover the distances is calculated to be: Christiania to Stavan- 
ger, 444 hr.; Stavanger to Bergen, 142 hr.; Bergen to Trond- 
hjem, 4 hr. Another route overland, direct Christiania to 
Bergen, will require 234 hr. These estimates are considered 
very conservative, and are based on the speed developed by 
airplanes before the war rather than on that made by machines 
at the present time. 

From Stavanger a route is to be established to Aberdeen, 
Scotland, which distance is to be covered in 4% hr., while 
Lieut. Trygve Gran in 1914 flew that distance in 4 hr. 10 min. 
with an 80-hp. Blériot monoplane. 

The plan is to equip twenty-eight Norwegian marine flying 
boats of 200 hp., each having a carrying capacity of 1760 lb. 
The topographical conditions, the fjords and mountains, make 
the building of railroads expensive and their maintenance 
costly. 

In contrast with an aerial service, it is pointed out that most 
of the traffic there is now carried on by steamers along the 
coast and up the fjords, and therefore is necessarily slow. 
Stavanger, particularly, is placed at great disadvantage due 
to its location. A minimum of 24 hr. is required for mail and 
passenger service between Stavanger and Christiania, although 
the distance in a straight line is less than 200 miles. 


Oxygen Device Tested 

Tests of the oxygenizing apparatus for aviators in high 
altitudes made here have brought unusual results, according 
to an announcement made by Albert C. Clark, an Illinois 
state senator, producer of the device. 

Senator Clark has ascended with Lieut. Jack Foote and 
attained an altitude a mile higher than the 11,642 ft. which 
Lincoln Beachy reached in August, 1911. 

Senator Clark said the apparatus weighs about 3 lb. and 
regulates automatically the supply of oxygen according to 
the altitude. 
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Record for August Air Mail 

During the month of August the Air Mail Service between 
Washington, Philadelphia and New York was conducted with- 
out a miss, hitch or serious delay of any character. 

The operations for the month were perhaps the most remark- 
able in the history of aviation. There were 27 flying days, of 
which 108 legs of the journey Had to be performed, and in 
that month there were but two foreed landings, one with a 
delay of 7 minutes and the other with a delay of less than 10 
minutes. One foreed landing was made within 4 miles of 
Belmont Park at the end of a journey. It was caused by the 
break of a magneto shaft. The other forced landing was 
made on a flight where fog and haze obscured the ground, 
and for the purpose of picking up the course, because the 
compass failed to work. 


The total possible miles of flight was 11,961, of which 11,957- 


miles were completed. 

During the first 10 days of the month the routes were flown 
by Lieutenants Edgerton, Kilgore, Bonsal, Webb, Culver and 
Miller without a miss, hitch or foreed landing. During the 
last 20 days of the month the civilian aviators of the Post 
Office Department operated the routes. The perfect scores 
were made by Aviators Max Miller and E. V. Gardner. Av: 
ators Maurice Newton and Robert Shank, on the Philadelphia 
end of the route, each had one foreed landing, giving them a 
seore of 90 per cent. 

A total of 5,679 Ibs. of mail were carried on the trips. 

A most rigid mechanical maintenance system on all fields 
was maintained, with the result that the month closed without 
a single plane of the 15 being laid up in the shop for repairs. 

Castor Bean Crop in Texas 

It is shown by a survey that has just been made of the 
eastor bean crop in Texas by representatives of the United 
States Department of Agriculture that there are more than 
13,000 acres in cultivation and that a good yield of the bean 
is promised. 

In the more southern part of the State harvesting the crop 
will be started soon. The Government will take over the entire 
production of engine oil produced from the beans. The suc- 
cess that has been met in growing castor beans in Texas shows 
that the soil and climate are splendidly adapted to the new 
industry, the Government experts say, and there promises to 
be a big increase in the acreage next year. 

With the development of the airplane for war use and as a 
means of general aerial transportation after the war, demand 
for castor oil as a lubricant for the machines will continue 
to grow, it is stated.‘ For high altitude flying no other kind 
of -lubricant fills the bill as well as eastor oil, according to 
tests that have been made. 


Night Photos from Airplane 

An Italian invention which permits photographs being taken 
at night has been submitted to the Signal Corps of the United 
States Army. 

Aceording to the men who control the new device, it will 
soon be possible to take excellent pictures of enemy positions 
from airplanes flying at a low height on moonlight nights. It 
is also claimed that the invention can be fitted to moving piec- 
ture cameras, which would permit the photographing for the 
sereen the actual fighting, much of which takes place in the 
early morning hours. 

Up to the present time one of the chief obstacles met by 
the daylight aerial photographers is that the anti-aircraft guns 
force the fliers to take pictures from a great height, and much 
of the detail of the enemy lines is therefore lost. It is held 
that fliers are in little danger from artillery when flying at 
night. 

Canadian Naval Air Service 

C. C. Ballantyne, Dominion Minister of Naval Service, an 
nounced Sept. 5 the establishment of the Canadian Royal 
Naval Air Service, and declared that, thanks to America’s aid, 
“machines are flying along the Atlantic coast, ready to bomb 
hostile submarines, escort convoys and perform other services.” 

The United States, he said, had “ generously consented to 
supply the personnel for Canada’s Royal Naval Air Service 
until such a time as a Canadian personnel could be properly 
trained to take their places.” 

Also, he said, the United States had supplied the necessary 
machines, which included airplanes, airships and kite balloons. 
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Aircraft Production Service Insignia 

Nearly 1,200 civilian employes of the U. 8S. Aireraft Pre 
duction Service, both men and women, in the city of Was 
ington alone, are wearing insignia in the form of buttons @ 
pins which designate them as individuals who are doing they 
part toward winning the war in the same degree as those whg 
have actually gone to the front. 

All employes of either factories or offices working on aig 
eraft are entitled to wear them, and the total number bough§ 
for distribution was between 40,000 and 50,000. They am 
given as a badge of honor to show that the wearer has a direg 
personal interest in the speedy production of properly mage 
equipment. 

The insignia has a target in red, white and blue, such gg 
appears on each airplane wing. The target, a pair of wingg 
and the letters “U. 8.” support ribbons bearing the wordg 
“ Aireraft Industrial Service, Army and Navy.” 

[t is especially noted in issuing these buttons and pins that 
they are not to be used as a means of identification or asq 
but as a mark of honor, the same as the uniform. 


pass, 


New British Airplane 


English newspapers are giving prominence to a report of@ 
new type of British airplane, which, having been tested at thé 
front with the greatest success, is about to be employed therg 
in large numbers. 

No technical details are given, but it is said the new mm 
chine has enormous speed and climbing power. It is capable 
of carrying great weight in bombs, machine guns, and othe 
equipment, and of attaining a height of 20,000 feet in ag 
astonishingly short time. 

[It is said the machine ean cover long distances at a speed 
which leaves all but the fastest modern scouting machines far 
behind, and thus is able to cross the enemy’s lines and drop 
bombs and return for a fresh load within a time limit far les 
than any of the earlier airplanes. 

The engines of the airplane are declared to be so completely 
reliable that risk of compulsory descent into the enemy’s ter 
ritory is virtually eliminated. It is added that not one of 
these wonder machines has as yet been downed, notwithstané 
ing the utmost efforts of the Germans. 


Air Service Medical Corps Created 


For the care and conditioning of fliers in the Air Servieg, 
the United States Government is now appointing a corps of 
doctors and trainers large enough to equip each training field 
and camp for fliers, both in the United States and in Franeg 
with a proper organization. The doctors will be known a 
flight surgeons and the trainers as physical directors. 

The medical branch of the Air Service is not alone confined 
to the selection of the flier, but to his eare and condition 
after he has been admitted to the service. It has become 
apparent that the flier is unlike other soldiers. In the Ait 
Service he has become an intricate, highly sensitized piece of 
mechanism with troubles all his own. To keep his complex 
organism physically fit, a special master mechanic had to be 
prov ided solely for him, 

The physieal directors are assistants to the flight surgeons 
and their duty is to supervise such recreation and physical 
training of the fliers as is considered necessary. 


“ Zenith Patriotic Series, 1918 ” 


Very striking is the “ Zenith Patriotic Series, 1918,” issued 
by the Zenith Carburetor Co. of Detroit, Mich. Quotations 
from Thomas Paine, Patrick Henry, Abraham Lincoln and 
Woodrow Wilson printed on single sheets in a deep red and 
enclosed in an impressive cover form the series. Paine # 
quoted as follows: “ Tyranny, like hell, is not easily com 
quered, yet we have this consolation with us, that the harder 
the conflict, the more glorious the triumph.” 


Airplane Ambulances at All Fields 


Airplane ambulances for earrying injured airmen quickly 
from the scene of accident to the nearest field hospital are to be 
provided at all thé Air Service flying fields. Successful e& 
periments with the ambulance airplane at Gerstner Field 
promptly led to their introduetion at nine fields in Texas, and 
the War Department now announces that all field commander 
have been instructed to follow the example. 
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STORY OF THE WAR CAN BE TOLD, IT WILL BE FOVND THAT CVRITSS 
AEROPLANES AND CVRIISS MEN HAVE “DONE THEIR BIT. 


CVRTISS AEROPLANE AND MOTOR CORPORATION, BVFFALO, V.5.A. 
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The “HANDLEY-PAGE”’ 
== BIPLANE =" 


using Rolls Royce Engines madea 
WORLD'S RECORD 
LONG DISTANCE FLIGHT 


LONDON — ROME — CONSTANTINOPLE 
Lubricated With 


MAKEFIELD 
TOR ONL) 
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bedi ” 
(RACING) 
The ONE Oil for All Aero Engines 


C. C. WAKEFIELD & CO., Limited 
(Sir Charles Wakefield, Bart. Gov’ing Dir.) 
Wakefieid House, Cheapside, London, E.C. 2 
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WITTEMANN-LEWIS 
AIRCRAFT 
COMPANY 


NEWARK, N. J. 


Main Office and Factory: 


Lincoln Highway 
near Passaic River 


Telephone, Market 9096 
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SERVICE 


‘“THE ACKERMAN WHEEL COMPAR 
542 Rockefeller Building, CLEVELAND, OHIO. U.S.A 
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ERIE STANDARD 


Arrcrart Metav Parts 


DEPENDABLE SERVICE 
QUANTITY- PRODUCTION 


Our plant at: Erie—the largest of its kind—specializes on AIRCRAFT 
BOLTS, NUTS and CLEVIS PINS .conforming to Government 
Specifications. 

A product as near 100% perfect in quality and machine practice as the 
human element will permit. 

Please request our New York Office to send you copy of our catalogue. 


ERIE SPECIALTY ‘COMPANY. 
8& West 40% St., New York City 


Main Plant Erie,Pa. 


























The HOLBROOK Co 


New York Gity 


MANUFACTURERS 


Airplane Propellers 
Airplane Sheet Aluminum Parts 
Airplane Sheet Metal Parts 

Airplane Woodwork 
Airplane Upholstery 
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P. PRYIBIL 
MACHINE COMPANY 


MANUFACTURERS OF 


FINE WOOD WORKING MACHINES 


WE HAVE SERVED 


CurTIss ENGINEERING CORPORATION 











L. W. F. ENGINEERING COMPANY 
WRIGHT-MaRTIN AIRCRAFT CORPORATION 
STANDARD AIRCRAFT CORPORATION 
CONTINENTAL AIRCRAFT COMPANY 


Why not you? 





Factory, 512-524 West 41st Street, New York City 
Established 1862 


























AIR PLANE DRY KILNS 


We are prepared to design, equip, install and operate according to Aircraft 
Engineering Division Specification No. 20,500-A. 


I. Grand Rapids Vapor Process Kilns (as perfected thru the erection of 2,000 kilns 
in high class woodworking plants). 

II. Tiemann Humidity Regulated Kilns (as designed and developed by the Forest 
Products Laboratory at Madison, Wisconsin). 

III. Tiemann-Grand Rapids Combination Kilns (combining the scientific points of the 
Tiemann kiln with the practical experience of the Grand Rapids Veneer Works, 
subject to operation by either method). 


Batteries of combination Grand Rapids-Tiemann kilns have just been selected and_pur- 
chased for the United States Government Experimental Department at McCook Field 
and for the United States Government Aircraft Repair plant “ Somewhere in France.” 





In addition we have designed or equipped kilns for :— 


STANDARD AIRCRAFT CORPORATION, 2 orders BRIGGS AEROPLANE COMPANY 
FISHER BODY CORPORATION, 2 orders WEST WOODWORKING COMPANY 
THOMAS-MORSE AIRCRAFT CORPORATION FLOTTORP MANUFACTURING COMPANY 
AMERICAN PROPELLER & MFG. COMPANY GALLAUDET AIRCRAFT CORPORATION 
BREESE AIRCRAFT COMPANY WEST VIRGINIA AIRCRAFT COMPANY 


Submit your drying problem to experts who make a specialty of kiln design 
‘and are prepared to furnish and install all equipment and instruments 


GRAND RAPIDS VENEER WORKS 


Grand Rapids, Michigan . Seattle, Washington 
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1 Radium 
LUMA 822: 
Compound 








Visible in the Dark 


1 painting factories are splendidly 
d for service of the highest character. 


turers of watches and clocks who 
important work to us are assured 
nd unvarying results at minimum 
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full informa 


d1U M DIAL COMPANY 


RAI OFF ICES ~ PLTTSBURGH. PA 
W YORI MARSHALL-FIELD ANNEX BLDG. CHICAGO. 
S. PITTSBURGH. LONG ISLAND cITy N.Y. CHICAGO. 





a counterbalanced aviation 
crankshaft.... 


Patented July 10th, 1917 


one of the 18 different 

models we are now making 

for 14 aviation motor companies .. . 
reduces vibration and eliminates bearing pressure 


We have shipped 63,813 Counterbalanced Crankshafts to August 31, 1918 


THE PARK DROP FORGE CO. CLEVELAND, OHIO 
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MACHINE - WOOD - CAP - SET -LAG- ETC. 


WE HAVE THE ASSORTMENT 
AND THE QUANTITY 


Let us figure on your next specifications. 
We have managed to “take care” of some 
very large concerns both in price and delivery 


HAMMACHER, SCHLEMMER & CO. 


HARDWARE, TOOLS AND SUPPLIES 
New York, Since 1848 


Ath Ave. and 13th St. 














HE RELIABILITY OF AN AIR- 
. IN ACTION DEPENDS 

LARGELY ON THE CAREFUL DRY- 
ING OF THE LUMBER USED IN ITS 
CONSTRUCTION. 


ERE KILN DRYING OF THE 
M GREEN OR SEASONED STOCK 

WILL NOT SUFFICE, BUT MUST 
BE FOLLOWED BY CAREFUL DRYING 
OF DIMENSIONED STOCK, GLUED-UP 
PARTS AND VENEERED PANELS. 


UR EQUIPMENTS FOR THIS KIND 
O OF WORK ARE USED AND AP.- 

PROVED BY THE LEADING 
WOOD-WORKING AND MOTOR CAR 
PLANTS ALL OVER THE U. S. A. 


[DRYING SYSTEMS, INC. 


320-322 NORTH MICHIGAN AVENUE 
CHICAGO . : ILLINOIS 


DEPENDABLE DRYING AND CONDITIONING 
EQUIPMENTS 








Aluminum Company of America 
PITTSBURGH, PA. 


MANUFACTURERS OF 
Aluminum Ingot, Sheet, Tubing, Wire, 
Rod, Rivets, Moulding Extruded 
Shapes, Electrical Conductors 


GENERAL SALES OFFICE, 
2400 Oliver Building, Pittsburgh, Pa. 
BRANCH OFFICES: 


tet. . ss sss ct ean teeeas 131 State Street 
Cileame........ 1500 Westminster Building 
Cleveland....... 950 Leader-News Building 
I Sd os sv sos nineties 1512 Ford Building 
Kansas City...... 308 R. A. Long Building 
OR RR a 120 Broadway 
Philadelphia... . 1216-1218 Widener Building 
Rochester ........... 1112 Granite Building 
San Francisco.......... 731 Rialto Building 
Washington..509 Metropolitan Bank Bldg. 
CANADA 
Northern Aluminum Co., Ltd...... Toronto 


LATIN AMERICA 
Aluminum Co. of So. Am... Pittsburgh, Pa. 


ENGLAND 
Northern Aluminium Co., Ltd..... London 


Send inquiries regarding aluminum in any form to 
nearest Branch Office, or to General Sales Office 
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JACUZZI BROTHERS 
2034 San Pablo Avenue, Berkeley, Calif. 


Propeller Manufacturers 


Designed and Built to 
meet the exacting 
requirements of 


Airplane Service 
combining 


Light Weight 
Efficiency and 
Durability 


Diagonal and Square 
Honeycomb Types. One 
Quality Only— 

The Best 


Our engineering experience 
and up-to-the-minute man- 
ufacturing facilities are at 
your disposal. 


The GeO Mfg.Co. 


New Haven, Conn., U. 8. A. 
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For Airships For Airplanes 





OVER TWENTY TYPES OF PROPELLERS 
ARE MANUFACTURED CONTINUALLY 
AT OUR PLANT 


WE DESIGN PROPELLERS TO MEET 
DIFFERENT REQUIREMENTS 


Write for our price list 
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For sale 
GROVER C. LOENING 
45 Eleventh St. 
Long Island City, N. Y. 





GROVER C. LOENING 


Announces 


THE NEW 1918 EDITION 


ENLARGED 


SIMPLIFIED 


Of his extensively used textbook 


Military Aeroplanes 


Almost doubled in size and with the 
finest halftone and linecuts available 



















Price $4.75 
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Aeronautical Trade Directory 


AVIATION AND AERONAUTICAL ENGINEERING will furnish 


information and addresses of companies listed below. 


Names of Advertisers in this issue are printed in capitals. 
See Index to Advertisers on page 264 








ACCESSORIES AND 
INSTRUMENTS — 


Advance Felt Specialty & Cut- 
ting Co. 

International Aeronautical In- 
strument Corp. 

Johns-Manville, H. W., Co. 

King, Julius, Optical Co. 

The Moto-Meter Co. 

National Gauge & Equipment Co. 

Nelson Blower & Furnace Co. 

Q@’Hara Waltham Dial Co. 

Queen-Gray Co. 

Rieker, Walter. 

Sperry Gyroscope Co. 

Stamdard Aeronautical Co. 

Stewart-Warner Speedometer 
Corp. 

TAYLOR INSTRUMENT COM- 
PANIES 


VEEDER MFG. CO. 
Western Electric Co. 


AIRPLANES 
Aeromarine Plane and Motor Co. 
Blackhawk Airplane Co. 
Blanchard-Radley Aircraft Co. 
Boeing Airplane Co. 

Breese Aircraft Corp. 

THE BURGESS COMPANY. 
California Aviation Co. 
Contir ental Aircraft Corp. 


CURTISS AEROPLANE & 
MOTOR CORP. 


DAYTON-WRIGHT AIRPLANE 
co. 


Des Lauriers Aircraft Corp. 

Dewey Aeroplane Co. 

Engel Aircraft Co. 

Fisher Body Corp. 

Fowler Airplane Corp. 

Gallaudet Aircraft Corp. 

Heinrich, A. 8., Corp. 

Lanzius Aircraft Co. 

Lawrence-Lewis Aeroplane Co. 

Lawson Aircraft Corp. 

Lewis & Vought Corp. 

Lanzius Aeronautical Eng. Corp. 

Longren Aeroplane Co. 

L. W. F. ENGINEERING CO. 

Martin Aeroplane Factory 

MARTIN, GLENN L., CO. 

Michigan Aircraft Corp. 

Ordnance Eng’ring Corp. 

Patterson Aeroplane Co. 

Peirce, Sam’l S., Aeroplane Corp. 

Smith, Kyle, Aircraft Co. 

Sperry, Lawrence, Aircraft Co. 

Springfield Airplane Co. 

STANDARD AIRCRAFT CORP. 

Sturtevant Aeroplane Co. 

THOMAS-MORSE AIRCRAFT 
CORP. 


The Willys-Morrow Co. 


WITTEMANN-LEWIS AIR- 
CRAFT CO. 


Whittemore-Hamm Co. 
WRIGHT-MARTIN AIRCRAFT 
CORP. 


AIRPLANE ENGINES 
Aeromarine Plane and Motor Co. 
Ashmusen Mfg. Co. 

Continental Motors Co. 
CURTISS ABROPLANE & 

MOTOR CORP. 

Detroit Gas Turbine Corp. 
DUESENBERG MOTOR CORP. 
General Ordnance Co. 
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General Vehicle Co. 

Gyro Motor Co. 

HALL-SCOTT MOTOR CAR CO. 

Kemp Machine Works. 

Kessler Motor Co. 

Knox Motors Co. 

Nordyke & Marmon. 

Packard Motor Co. 

Roberts Motor Mfg. Co. 

Rolls-Royce, Ltd. 

Springfield Motors Co. 

Sterling Engine Co. 

Sturtevant, B. F., Co. 

Trego Motors Corp. 

THOMAS - MORSE AIRCRAFT 
CORP. 

UNION GAS ENGINE CoO. 

Van Blerck Motor Co. 

Willys-Overland Co. 

WISCONSIN MOTOR MFG. CO. 

World’s Motor Co. 

WRIGHT-MARTIN AIRCRAFT 
CORP. 


AIRPLANE PARTS 
Aircraft Parts Mfg. Co. 
American Body Co. 

Astoria Veneer Mill & Dock Co. 

BARCALO MFG. CO. 

Century Telephone Construction 
Co. 

Chicago Aeronautical Supply Co. 

Dayton Metal Products Co. 

ERIE SPECIALTY CO. 

GENERAL BAKELITE CO. 

HQLBROOK CO. 

Kawneer Mfg. Co. 

Levett, Walker M., Co. 

New Jersey Veneer Co. 

Pressed & Welded Steel Products 
Co. 

Rogers Construction Co. 

Standard Parts Co. 

Welch Mfg. Co. 

Whittemore-Hamm Co. 

WIDMAN, J. C., & CO. 

Willys-Morrow Co. 

Wilson Cabinet Co. 


ALUMINUM 


Acieral Co, of America 
ALUMINUM CASTINGS CoO. 
ALUMINUM CO. OF AMBRICA 
American Metal Co., Ltd. 
Levett, Walker M., Co. 
Leygrand & Co. 
McAdamite-Aluminum Co. 


SO-LUMINUM MFG. & ENG. CO. 
(SOLDER) 


STIMPSON, EDWIN B., CO. 
United Smelting & Aluminum Co. 


AVIATION SCHOOLS 


American School of Aviation 
America Trans-Oceanic Co. 


Atlantic Coast Aeronautical 
Station ; 

lhkcam Airplane Co. 

Blackhawk Airplane Co. 

Curtiss Training Schools 

KAGLE AVIATION SCHOOL 

The Hydrerocraft Co. 


Michigan State Auto School 

Moler Aviation Instructors 

Penn. State School of Aero- 
Mechanics 

Stinson School of Aviation 

Whittemore-Hamm Co. 












































































We are producing large 
quantities of 
SHACKLES 
EYEBOLTS 

HOSE CLAMPS 
THIMBLES 
HEX-BOLTS 
HEX-NUTS 
CLEVIS PINS 

ALSO 
Miscellaneous Forgings 


Send for Catalog 
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FUEL LEVEL 
GAGES 


This cut shows our 
Model 51 Gage 
which is standard on 
practically all type 
of military training 
machines. 




















Other types of gages 
in large quantities 
are “doing their 
bit” as part of the 


equipment of Eng- 
lish Government 


Warplanes. 








SPECIAL TYPES DESIGNED 
FOR YOUR ESPECIAL NEEDS. 





BOSTON AUTO GAGE CO. 


8 WALTHAM STREET, BOSTON, MASS. 


—— 

















The Real Article 





The American Aviator 
The American Airplane 
The American Goggle 


THE AVIGLAS 


Trade Mark Reg. U. S. Pat. Off. 
Patented Jan. 22nd, 1918 


The Aviation Goggle ordered by the Govern- 
ment for the use of the Flying Officers, 
Pilots and Observers of the 
United States Army. 


The most important thing 
for the aviator is to be able 
to see clearly and distinctly 


Write to us for illustrations and prices on the 
various types. 


DESIGNED AND PATENTED BY 


F. A. HARDY & COMPANY 
JOHN H. HARDIN, President. 


Department O, P. O. Box 804, Chicago, IIl. 





ROME 
AERONAUTICAL 
RADIATORS 


Developed from years of experience in 
building all types of radiators. 
They possess every feature and qualifi- 


cation necessary for a high grade 
product. 


STRONG 
EFFICIENT 
DURABLE 
Used on the best American flying machines. 


Our engineering department is at your 
service. 


Romie - Turney Radiator Company 
Rome, N. Y., U. S. A. 
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BALL BEARINGS 


THE FAFNIR BHARING CO. 

Gurney Ball Bearing Co. 

HESS-BRIGHT MFG. CO. 

NEW DEPARTURE MFG. CO. 

= COMPANY OF AMER- 
ICA 


s. K. F. BALL BHARING CO. 
0. 8. Ball Bearing Mfg. Co. 


BALLOONS: DIRIGI- 
BLES 


Burdette Oxygen Co. 
Connecticut Aircraft Co. 
Caster Specialty Co. 
scope) 
Gas Engineering Co. (Gas 
Plants) 
GOODYEAR TIRE AND RUB- 
BER CO. 


(Stato- 


United States Rubber Co. 


BAROGRAPHS AND 
BAROMETERS 


Green, Henry J. 
International Aeronautical In- 
strument Corp. 


Sussfield & Lorch 
TAYLOR INSTRUMENT COM- 
PANIES 


BEARING METALS 
ALUMINUM CASTINGS CoO. 
Ameriean Bronze Corp. 
FAHRIG METAL CO. 

Levett, Walker M., Co. 
Magnolia Metal Co. 


BUSHINGS 
ALUMINUM CASTINGS CoO. 
American Bronze Corp. 

Bound Brook Oil-less Bearing Co. 


CARBURETORS 
fH. & N. Mfg. Co. 
Master Carburetor Co. 
Miller Carburetor Co. 
Stromberg Motor Devices Co. 
Wheeler & Schebler 
ZENITH CARBURETOR CO. 


CLOCKS AND 


WATCHES 
Chelsea Clock Co. 
Depollier, J., & Son 
Hamilton Watch Co. 
Ingersoll, Robert H., & Bros. 
Waltham Watch Co. 


CLOTHING 
Abercrombie & Fitch 
Cross, Mark 
N. Y. Sporting Goods Co. 
Rainwear Co. 

Rogers, Peet & Co. 
Sanders Company 
Spalding, A. G., & Bros. 


COMPASSES 
Sperry Gyroscope Co. 
Star Compass Co. 
TAYLOR INSTRUMENT COM- 
PANIES 


DOPE AND VARNISH 
Adams & Hiting Co. 
American Hmaillite Co. 
Brooklyn Varnish Mfg. Co. 
CERTUS COLD GLUE CO. 
Chemical Products Co. 
Conover, The C, B., Co. 

Du Pont Chemical Works 
Flexible Compound Co. 
Harland, Wm., & Son 
Howe Varnish Co. 

Lucas, John, Companys 
Masury, John W:, & Sup 
Perry-Austen Company 
PRATT & LAMBERT 
SHERWIN-WILLIAMS CO. 
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Smith, Edward, & Co. 
Standard Varnish Works 
Valentine & Company 
Weeks & Cu. 


DRIFT INDICATOR 


Sperry Gyroscope Co. 


DRY KILNS 
Cutler Dry Kiln Co. 
DRYING SYSTEMS, INC. 
GRAND RAPIDS VENEER 
WORKS 


DYNAMOMETER 


Sprague Blectric Works 


ENGINE PARTS 
Allegheny Forging Co. 
ALUMINUM CASTINGS CoO. 
Anderson Forge & Macbine Co. 
BARCALO MFG. CO. 

Brooks Machine Co. 


Burd High Compression Ring ov. 
Crosby Steam Gage & Vaive Vo. 


Dallet, Thos. H., Co. 

DOEHLER DIE CASTING CO. 

ERIE SPECIALTY CO. 

Fibre Finishing Co. 

Gifford, Leland, Co. 

Gili, P. H., & Sons 

Hayes Mfg. Co. 

Hydraulic Pressed Steel Co. 

Levett, Walker M., Co. 

Meisel Press Mfg. Co. 

PARK DROP FORGE CO. 

Pressed & Welded Steel Products 
Co. 

Standard Parts Co. 

STIMPSON, EDWIN B., CO. 

Taft-Peirce Mfg. Co. 

Tioga Steel & Iron Co. 

Williams, J. H., & Co. 

Whitman & Barnes Mfg. Co. 

WYMAN-GORDON CU. 


ENGINEERING 
Automotive Engineering Co. 
Ordnance Engineering Co. 
White, J. G., Engineering Corp. 


FABRICS 
Courtrai Mfg. Co. 
Hutchinson, Scott Co. 
Lamb, Finlay & Co. 
McBratney, Robt., & Co. 
Whitman, Clarence & Co. 


FELT 


Agee Felt Specialty & Cutting 
0. 


Booth Felt Co. 
Western Felt Works 


FIRE EXTINGUISHERS 
Fyr-Fyter Co. 

Johns-Manville, H. W., Co. 
Pyrene Mfg. Co. 


GAGES 

Advance Felt Specialty & Cut- 
ting Co. 

BOSTON AUTO GAUGBE CO. 
Crosby Steam Gauge & Valve Co. 
FOXBORO CO., INC. 
Greenfield Tap & Die Corp. 
United States Gage Co. 


GASKETS 
Advance Felt Specialty & Cut- 
ting Co. 
Booth Felt Co. 
Fibre Finishing Co. 


GLUE 
Armour Glue Works 
Baeder & Adamson 
CERTUS COLD GLUE CoO. 
FERDINAND, L. W., & CO. 
WIDMAN, J. C., CO. 
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LABORATORY GENIUS HAS 
DONE FOR YOUR BUSINESS 


Made it possible for you to ure RADIUM 
for all sorts of practical purposes. Pure Radium 
is combined, by our secret processes, with a re- 
sponsive base, and the resulting compound glows 
steadily at night for practically a life-time. The 
name of our product is 
















It makes clearly visible in the dark 
everything to which it is applied 


Used on Watches, Clocks, Aircraft, Ship 
and Automobile Instruments: Over half a 
million instruments have been Marvelited 
for the government during the past year. 








How we co-operate with the manufacturer 
The uses of Marvelite are just beginning to be 
understood. You undoubtedly manufacture some 
instruments or articles which would be of greater 
use and value if they could be seen in the dark. 


Our Laboratory is at yous service, without 
charge, for experimental paee and we 
will work with you to solve your problem. 
Tell us what it is. 


Send for booklet “A” for information of value to users of 
self-luminous compounds. Many mistakes may be 
avoided by using the knowledge gained from this book, 
as to the character of luminous material best suited to 
your particular case. Marvelite is made in several 
different grades. Sometimes the highest grade is re- 
quired, and under other conditions a lower grade gives 
better results and costs less. 


Do you know which kind to use? 


COLD LIGHT MANUFACTURING CO. 
558 West 158th Street, New York 
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THE DEFIANCE AUTOMATIC 
AIRPLANE PROPELLER LATHE 


IT HAS GOVERNMENT AND MANU- 
FACTURERS’ ENDORSEMENTS 


The proof of this lies in its use in England, in Italy, in 
Canada; its use in United States Government Arsenals, 
and fifteen of the leading propeller factories in America. 
Bach machine in use releases from eight to ten skilled work- 
men for other duties. With one man operating a number 
of machines, the cost of working propeller blades close to 
size is reduced to a minimum. It automatically turns pro- 
— blades of various sizes to any shape or pitch, and 
t will duplicate struts of irregular shape in facsimiles. 
bee for our circular which illustrates and describes this 
machine. 


THE DEFIANCE MACHINE WORKS 


DEFIANCE, OHIO, U. S. A. 


NEW YORK LONDON 


















MATTISON 
Propeller Shaping Machine 


For Two, Three and Four-Bladed 


Screws 


A brand new machine—designed and built with 
the thoroughness characteristic of all Mattison 
woodworking machines—which has been approved 
by many of America’s largest propeller manufac- 
turers. 

It works close to finish-size, thereby eliminating 
the greater part of the expensive hand work which 
usually follows the machining operation of other 
methods. 








Write or Wire for Details 


MATTISON. MACHINE WoRKS 


879 FIFTH STREET BELOIT, WISCONSIN 
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“DALTON SIX 


METAL WORKING si 
LATHE ; ee 

Actaal Swin V4 laches 

MODEL PE “B-4” 

50 OR 56 INCH OA. ery Fe B.)-48) 





































MAN UFACTU RED BY 


| DALTON MANUFACTURING CORPORATIC 


NEW YORK U.S.A. CABLE ADDRESS“ALEDAL’ NEW YOR 


























No. 2B PLAIN MILLER 


Single ioral Prive 
12 ch in spindle. 
PF mmm apd gE apn a a Bh Sia 37° 
Hardened machine steel gears throughout insure 
maximum driving power at speeds. 


We also build Universal Millers, Oviies Heads, 
Vertical Attachments and V 


Write for Circular 


THE FOX MACHINE COMPANY 
1810 W. Gavson St., Jackson, Mich. 
Formerly of Grand Rapids, Mich. 
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i GOGGLES 
ampY, F. A., CO. 
tz, B. B. 

USS & BUEGELBISEN 
Kennard & Nutt 
Safety Glass Corp. 

Wilson, T. A., & Co., Inc, 


HANGARS 


American Bridge Co. 
dpchor Corrugating Construction 


Co. 
diiley Steel Bldg. Co. 


dustin Co., The 
, John M. 
Field & Goddard, Inc. 


Keasby & Mattison 

Milliken Brothers 

Proden, The C. D., Co. 
Steel Fabricating Co., The 
Virginia Bridge & Iron Co. 


HOISTS 


Yale & Towne Mfg. Co. 


IGNITION 


Philips-Brinton Co., The 


LIFE PRESERVERS 


Robinson-Roders Co. 
Universal Safety Mattress Co. 


LUMBER 


Alcock Co., John L. 

American Balsa Corp. 

Astoria Veneer Mills & Dock Co. 
Chetham Lumber Co. 

Delatour, J. 

Dutten, A. C., Lumber Corp. 
Iadiow, Israel 

Mengel, C. C., & Bros, Co. 

New Jersey Veneer Co. 

Bheip & Vandergrift 


LUMINOUS COMPOUND 


COLD LIGHT MFG. CO. 

Cummings, W. L., Chemical Co. 

RADIUM DIAL CO. 

RADIUM LUMINOUS MATH- 
RIAL CORP. 


MACHINERY, METAL 
WORKING 


DALTON MFG. CORP. 
DEFIANCE MACHINE WORKS 
FOX MACHINE CO. 

Warner & Swasey Co. 


MACHINERY, WOOD. 
WORKING 


Curtis Machine Corp. 

DEFIANCE MACHINE WORKS 

Pay, J. A., & Egan Co. 

FOX MACHINE CO. 

Machinery Merchants, Inc. 

MATTISON, C.. MACHIND 
WORKS 

Olney & Warrin 

PRYIBIL, P., MACHINE CO. 

YATES, P. B., MACHINE CO. 


MAGNETOS 


Berkshire Magneto Corp. 
Bosch Magneto Co. 
ERICSSON MFG. CO. 
Remy Blectric Co. 
Bplitdort Electrical Co. 


MANIFOLDS 
AJAX AUTO & ABRO SHEET 
METAL CO. 
Preseed & Welded Steel Products 
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METALS 


Acieral Co. of America 
American Bronze Corp. 
American Vanadium Co. 
Bethlehem Steel Co. 
BETZ-PIERCE CO., THE 
BLUM, JULIUS & CO. 
Detroit Pressed Steel Co. 
Federal Pressed Steel Co. 
Garland Ventilator Co. 
Gueder, Paeschke & Frey Co. 
Kawneer Mfg. Co. 

La Salle Steel Co. 

Levett, Walker M., Co. 
Rumford Metal Co. 
SO-LUMINUM MFG, & ENG. CO. 
Standard Alloys Co. 

Steel Sales Corp. 

Steel Products Co. 
STIMPSON, EDWIN B., CO. 
Wheeler, Frank H., & Son 


MODEL AIRPLANES 
Ideal Aeroplane Supply Co. 
Wading River Mfg. Co. 


MOTORCYCLES 


Excelsior Motor Mfg. Supply Co. 

HENDEE MFG. CO. 

Harley-Davidson Co. 

Militare Motor Vehicle Co. of 
America 


OILS AND LUBRICANTS 


Baker Castor Oil Co. 

Graphite Lubricant Co, 

Gulf Refining Co. 

Sheppard Ideal Oll Co. 

Sun Co., The 

Standard Oil Co. 

Swan & Finch 

Texas Co., The 

Vacuum Oil Co. 

WAKEFIELD, C. C., & CO., LTD. 


PACKING 
Advance Felt Specialty & Cut- 
ting Co. 
Booth Felt Co. 
Fibre Finishing Co. 


PHOTOGRAPHY 


BROCK, ARTHUR, JR. 
Herbert & Huesgen Co. 


PISTONS 


ALUMINUM CASTINGS CoO. 
Levett, Walker M., Co. 


PISTON RINGS 


American Piston Ring Co. 


PONTOONS 


Niagara Boat Co. 
PALMER-SIMPSON CO. 
Welin Marine Equipment Ce. 


PROPELLERS 


AMERICAN PROPELLER & 
MFG. CO. 

American Sash & Door Co, 

Aviauto Mfg. Co. 

Breitung & Co., Ltd. 

Cc. M. O. Physical Laboratory 

Doyle, W. A. 

Hartzell Walnut Propeller Co, 

JACUZZI BROS. 

Jamestown Propeller Co. 

Lang Propeller Co. of America 

Steves Sash & Door Co. 

Reinforced Propeller & Insulating 
Co., The 

United States Aero Propeller Co. 

Washington Aeroplane Co. 

WEST WOODWORKING CO. 


(Continued on page 255) 
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Crankcase \:. 
Repairs. 


The 















tremendous saving of time and 


money made possible by the use of Peter’s 

Aluminum Brazing Solder for crankcase re 
= pairs on aero motors is so evident that it 4 
oa almost a criminal waste of time, money and 


labor not to use P ETER’ Ss Think of it—a 
solder that is absolutely guaranteed to make 
quicker, cleaner, stronger and _ better 


re epair than the old expensiy welding o1 
dering process. A solder that will raze 
iny aluminam r —— al in such a 
ay that it will, under the h am r test 
Saale above the joint, ee ing tha y ed 






oint intact, 












Write for full details and sam ple 










ALUMINUM BRAZING SOLDER CO. 





Montgomery Blidg., 
U. 8. A. 






Chester, Pa., 
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Elastic Aviation Cord 


For Shock Absorbers on Airplanes 










































We originated and have developed 
this special heavy elastic cord for air- 
plane shock absorbers. 

We are the largest manufacturers 
in the world of Heavy. BDlastic Cord 
and owing to our factory capacity we 
can make prompt deliveries. 


Samples on request 


J. W. WOOD ELASTIC WEB CO. 


FACTORY: STOUGHTON, ~ 8S. 


OFFICES 
45 Bast 17TH Srewpepr..... e+ + « ONEwW YORE 
181 W. Lams Sremppr ...-..e- CHICAGO 
82 St. Petree STRz2T. ° * MONTREAL, Canada 



















Fahrig Anti-Friction Metal 


The Best Bearing Metal on the Market 
A Necessity for Aeroplane Service 





Fahrig Metal Quality has become a stand- 
ard for reliability. We specialize in this 
one tin-copper alloy which has superior 
anti-friction qualities and great durability 
and is always uniform. 


When you see a speed or distance record 
broken by Aeroplane, Racing Automobile, 
Truck or Tractor Motor, you will find 
that Fahrig Metal Bearings were in that 
motor. 


FAHRIG METAL CO.,34 Commerce St.,N.Y. 











et) 
TURNBUCKLES 


of the 


Highest Quality 


to Meet the Most 


Exact Requirements | 
| 
| 

Standard Turnbuckle Compe 1 
CORRY. PA. 


New York Office: Woolworth Building 


— oe) 
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PYROMETERS 
FOXBORO CO., INC., THH 
MOTO-METER CO. 

Shore Instrument & Mfg. Co. 

fAYLOR INSTRUMENT COM- 
PANIES 

RADIATORS 

AJAX AUTO & AERO SHEET 
METAL CO. 

AZ Co. 

Bush Mfg. Co. 

Bl Arco Radiators Co. 

Bnglish & Mersick Co. 

FLEXO MFG. CO. 

Harrison Radiator Co. 

{dvingston Radiator Co. 

McCord Mfg. Co. 

ROME-TURNEY RADIATOR CO. 

Standard Roller Bearing Co. 


RIVETS 


STIMPSON, EDWIN B., CO. 


SCELEROSCOPE 


Shore Instrument & Mfg. Co. 


SHEET METAL 
FITTINGS 
BLUM, JULIUS & CO. 
Rogers Construction Co. 


SHOCK ABSORBERS 
DURAL RUBBER CORP. 
general Rubber Goods Co. 
Ohio Rubber Co. 
Russell Mfg. Co. 
WwooD, J. W., 

co. 


SPARK PLUGS 
Bosch Magneto Co. 
“hampton Ignition Co. 
Johns-Manville, H. W., Co. 
Rajah Auto Supply Co. 
Silvex Co., The 
Splitdorf Electrical Co. 


SPEED INDICATORS 
*OXBORO CO., INC. 
Johns-Manville, H. W., Co. 
Stewart-Warner Speedometer 

Corp. 


STABILIZERS 
Greene Aeronautical Co. 
Martin Aerodynamic Stabilizer. 
Sperry Gyroscope Co. 


STAMPINGS 
BLUM, JULIUS & CO. 


Enameling & Stamping Corp, of 
New York 


LANSING STAMPING & TOOL 
co. 

Dewes Co., The A, 

8TIMPSON, EDWIN B., CO. 


STARTERS 
Bijur Motor Lighting Co. 
Bosch Magneto Co. 
CHRISTENSEN ENGINEERING 
THD 


” 


ELASTIC WEB 


ag Engineering Laboratories 
0. 


MOTOR-COMPRESSOR co. 
Northeast Electric Co. 

Remy Blectric Co. 
Wagner-Hoyt Blectric Co. 


TANKS 


Janney, Steinmetz & Co. 


THERMOMETERS 
FOXBORO CO., INC., THE 


MOTO-METER CO. 
TAYLOR 
PANIES. 


TIRES AND RUBBER 
DURAL RUBBER CORP. 
aman TIRE & RUBBER 


INSTRUMENT COM- 


Hodgman Rubber Co, 

United States Rubber Co. 

WOOD, J. W., BLASTIC WEB 
co. 

Whitley Exerciser Co. 


TOOLS 
American Tool Works Co. 
Bass Brothers 
BLUM, JULIUS & CO. 
Brooks Machine Co. 
Browne & Sharpe 
Buffum Tool Co. 
Cooper Aeroplane Co., 
D. 
HALL-SCOTT MOTOR CAR CO. 
HAMMACHER, SCHLEMMER 
& CO. 
LANSING STAMPING & TOOL 
co. 
Peck, Stowe & Wilcox Co. 
Rich Tool Co. 
Rogers Works, John M. 


The Johu 


Smith & Hemenway 
Whitman & Barnes Mfg. Co. 
TRUCKS AND 
TRAILERS 


federal Motor Truck Co. 
Four Wheel Drive Auto Co. 
Fruehauf Trailer Co. 

Nash Motors Co. 

Packard Motor Car Co. 
Sechler Company, The 
Service Motor Truck Co. 
White Company, The 


TUBING 
American Tube Co. 
BLUM, JULIUS & CO. 
Dewes Co., The A. 
Empire Art Metal Co. 
Frasse & Co., Peter A. 
National Tube Co. 


Pennsylvania Flexible 
Tubing Co. 


STIMPSON, EDWIN B., CO. 


TURNBUCKLES 


Aero Mfg. & Accessories Co. 

Dayton Metal Products Co. 

Dillner-Meyer Mfg. Co. 

ERIE SPECIALTY CO. 

National Aeroplane Co. 

New York & Hagerstown Metal 
Stamping Co. 

STANDARD TURNBUCKLE CO. 

Steel Products Co. 


WHEELS 
ACKERMAN WHEEL CoO. 
Dayton Wire Wheel Co. 
Hayes Wheel Co. 

Mott Wheel Works 


NATIONAL WIRE WHEEL 
WORKS 


Spranger Wire Wheel Corp. 
Watson Wheel & Rim Corp. 
Wire Wheel Corporation of 


America 
WIRE 
American Steel & Wire Co. 
Century Telephone Construction 
Co. 
Electric Cable Co. 
a YORK WIRE AND SPRING 


Metallic 


Rathbone, A. B. & J. 
ROEBLING’S SONS, JOHN A. 
Simplex Wire & Cable Co. 
Upson-Walton Co. 


WIRELESS 


American Radio & Research 
Corp. 

American Wireless Telegraph Co. 

Cutting & Washington, Inc. 


Crocker-Wheelcr Co. 








Men who know 
pencils best — 


men whose speed depends upon the respon- 
siveness of their pencil leads— men whose 
accuracy depends upon the uniformity of 
pencil grading — men whose satisfaction in 
work depends upon the strength and wear- 
ing quality of their pencil—these are the 
men who are using 


NORAD S 


S.NOXIG Q 


AD master — RADU 


Leaders in their professions, many of these 
men, yet not above giving credit where credit 
is due. Letters in our files from many 
famous users, proclaim the Eldorado “‘a real 
American achievement,” “the best I have 
ever used,” “better than any other pencil, 
foreign or domestic” and so forth. 





But try the Eldorado yourself. It will cost you 
nothing, if you write us on your letter head for 
full-length samples of your favorite degrees. 


JOSEPH DIXON CRUCIBLE COMPANY 
Established 1827 
Dept. 146-J, Jersey City, N. J. 





fille /oued Sumesp sajsew e414 QCVUOUdTA.. 














For Securing the R. P. M. 
Prior to Final Block Test 


Time-loss can be saved by making the 
preliminary test of airplane motors, prior 
to the final tachometer test, with the 


ROL 


SPEED COUNTER 








Simply hold the Veeder against revolving 
propeller shaft; apply slight pressure the moment 
you start timing; release pressure when minute 
is up. Clutch starts or stops recording mechanism 
instantly, giving accurate readings without need of 
stop-watch. Price $3.00. Ask for the counter catalog. 


The Veeder Mfg. Co. 


56 Sargeant St., Hartford, Conn. 





























. Cotten 
Repairs. 


The tremendous saving of time and 
money made possible by the use of Peter’s 
Aluminum Brazing Solder for crankcase re 
pairs on aero motors is so evident that it is 
almost a criminal waste of time, money and 
labor not to use PETER’S. Think of it—a 
solder that is absolutely guaranteed to make 
quicker, cleaner, stronger and_ better 
reps ir than . old expensive welding or 
ldering process. <A solder that will braze 
any aluminum or aluminum alloy in such a 
way that it will. under the hammer 
“Of wove the joint, leaving the 
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Write for full details and sample 









ALUMINUM BRAZING SOLDER CO. 


Montgomery Bldg., 






Chester, Pa., 
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Elastic Aviation Cord 


For Shock Absorbers on Airplanes 

















We originated and have developed 
this special heavy elastic cord for air- 
plane shock absorbers. 

We are the largest manufacturers 
in the world of Heavy Dlastic Cord 
and owing to our factory capacity we 
can make prompt deliveries. 


Samples on request 


J. W. WOOD ELASTIC WEB CO. 


FACTORY: STOUGHTON, ~ 88. 


OFFICES 
46 Maer 17TH Sreepr. ...- ee Naw Yorx 
181 W. Lams STemppr ...-:e- CHIcago 
82 St. Perer STRE2T. * MONTREAL, Canada 





































Fahrig Anti-Friction Metal 


The Best Bearing Metal on the Market 
A Necessity for Aeroplane Service 





Fahrig Metal Quality has become a stand- 
ard for reliability. We specialize in this 
one tin-copper alloy which has superior 
anti-friction qualities and great durability 
and is always uniform. 


When you see a speed or distance record 
broken by Aeroplane, Racing Automobile, 
Truck or Tractor Motor, you will find 
that Fahrig Metal Bearings were in that 
motor. 


FAHRIG METAL CO.,34 Commerce St.,N.Y. 








ESS 
TURNBUCKLES 


of the 


Highest Quality 


to Meet the Most 
Exact Requirements 


Standard Turnbuckle Company | 


CORRY. PA. 


New York Office: Woolworth Building 
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Aeronautical Trade Directory—Continued 


PYROMETERS 
FOXBORO CO., INC., THE 
MOTO-METER CO. 

Shore Instrument & Mfg. Co. 

fAYLOR INSTRUMENT COM- 
PANIES 

RADIATORS 

AJAX AUTO & AERO SHEET 
METAL CO. 

AZ Co. 

Bush Mfg. Co. 

pi Arco Radiators Co. 

Bnglish & Mersick Co. 

FLEXO MFG. CO. 

Harrison Radiator Co. 

Livingston Radiator Co. 

McCord Mfg. Co. 

ROME-TURNEY RADIATOR CO. 

Standard Roller Bearing Co. 


RIVETS 


STIMPSON, EDWIN B., CO. 


SCELEROSCOPE 


Shore Instrument & Mfg. Co. 


SHEET METAL 
FITTINGS 
BLUM, JULIUS & CO. 
Rogers Construction Co. 


SHOCK ABSORBERS 
DURAL RUBBER CORP. 
general Rubber Goods Co. 
Ohie Rubber Co. 
Russell Mfg. Co. 
WOOD, J. W., ELASTIC WEB 
co. 


SPARK PLUGS 
Bosch Magneto Co. 
“hampton Ignition Co. 
Johns-Manville, H. W., Co. 
Rajah Auto Supply Co. 
Silvex Co., The 
S8plitdorf Blectrical Co. 


SPEED INDICATORS 
*OXBORO CO., INC. 
Johns-Manville, H. W., Co. 
Stewart-Warner Speedometer 

Corp. 


STABILIZERS 


Greene Aeronautical Co. 
Martin Aerodynamic Stabilizer. 


Sperry Gyroscope Co 
STAMPINGS 
BLUM, JULIUS & CO. 
Enameling & Stamping Corp. of 
New York 
LANSING STAMPING & TOOL 
co. 


Dewes Co., The A. 
STIMPSON, EDWIN B., CO. 


STARTERS 
Bijur Motor Lighting Co. 
Bosch Magneto Co. 
CHRISTENSEN ENGINEERING 
CO., THE 


Dayton Engineering Laboratories 
Co, 


MOTOR-COMPRESSOR co. 
Northeast Electric Co. 

Remy Electric Co. 
Wagner-Hoyt Electric Co. 


TANKS 


Janney, Steinmetz & Co. 


THERMOMETERS 
FOXBORO CO., INC., THE 
MOTO-METER CO. 

TAYLOR INSTRUMENT COM- 
PANIES. 


TIRES AND RUBBER 
DURAL RUBBER CORP. 


ee TIRE & RUBBER 


Hodgman Rubber Co. 

United States Rubber Co. 

WOOD, J. W., ELASTIC WEB 
co. 

Whitley Exerciser Co. 


TOOLS 

American Tool Works Co. 

Bass Brothers 

BLUM, JULIUS & CO. 

Brooks Machine Co. 

Browne & Sharpe 

Buffum Tool Co. 

Cooper Aeroplane Co., The John 
D. 

HALL-SCOTT MOTOR CAR CO. 

HAMMACHER, SCHLEMMER 
& CO. 

LANSING STAMPING & TOOL 
co. 

Peck, Stowe & Wilcox Co. 

Rich Tool Co. 

Rogers Works, John M. 

Smith & Hemenway 

Whitman & Barnes Mfg. Co. 


TRUCKS AND 
TRAILERS 


federal Motor Truck Co. 
Four Wheel Drive Auto Co. 
Fruehauf Trailer Co. 

Nash Motors Co. 

Packard Motor Car Co. 
Sechler Company, The 
Service Motor Truck Co. 
White Company, The 


TUBING 
American Tube Co. 
BLUM, JULIUS & CO. 
Dewes Co., The A. 
Empire Art Metal Co. 
Frasse & Co., Peter A. 
National Tube Co. 


Pennsylvania Flexible Metallic 
Tubing Co 


STIMPSON, EDWIN B., CO. 


TURNBUCKLES 


Aero Mfg. & Accessories Co. 

Dayton Metal Products Co. 

Dillner-Meyer Mfg. Co. 

ERIE SPECIALTY CO. 

National Aeroplane Co. 

New York & Hagerstown Metal 
Stamping Co. 

STANDARD TURNBUCKLE CO. 

Steel Products Co. 


WHEELS 


ACKERMAN WHEEL CO. 
Dayton Wire Wheel Co. 
Hayes Wheel Co. 

Mott Wheel Works 


NATIONAL WIRE WHEEL 
WORKS 


Spranger Wire Wheel Corp. 
Watson Wheel & Rim Corp. 
Wire Wheel Corporation of 


America 
WIRE 
American Steel & Wire Co. 
Century Telephone Construction 
Co. 
Electric Cable Co. 
a | YORK WIRE AND SPRING 


Rathbone, A. B. & J. 
ROEBLING’S SONS, JOHN A. 
Simplex Wire & Cable Co. 
Upson-Walton Co. 


WIRELESS 


American Radio & Research 
Corp. 

American Wireless Telegraph Co. 

Cutting & Washington, Inc. 

Crocker-Wheelcr Co. 








Men who know 
pencils best — 


men whose speed depends upon the respon- 
siveness of their pencil leads— men whose 
accuracy depends upon the uniformity of 
pencil grading — men whose satisfaction in 
work depends upon the strength and wear- 
ing quality of their pencil— these are the 
men who are using 


NORAD S 


3.NOXIC Q 


AD master — RADU 


Leaders in their professions, many of these 
men, yet not above giving credit where credit 
is due. Letters in our files from many 
famous users, proclaim the Eldorado *‘a real 
American achievement,” “the best I have 
ever used,” “better than any other pencil, 
foreign or domestic” and so forth. 





But try the Eldorado yourself. It will cost you 
nothing, if you write us on your letter head for 
full-length samples of your favorite degrees. 


JOSEPH DIXON CRUCIBLE COMPANY 
Established 1827 
Dept. 146-J, Jersey City, N. J. 
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For Securing the R. P. M. 
Prior to Final Block Test 


Time-loss can be saved by making the 
preliminary test of airplane motors, prior 
to the final tachometer test, with the 


RAL 


SPEED COUNTER 








Simply hold the Veeder against revolving 
propeller shaft; apply slight pressure the moment 
you start timing; release pressure when minute 
is up. Clutch starts or stops recording mechanism 
instantly, giving accurate readings without need of 
stop-watch. Price $3.00. Ask for the counter catalog. 


The Veeder Mfg. Co. 


56 Sargeant St., Hartford, Conn. 
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RESISTAL EYETECTS 


Officially Approved and Recommended 
by Military Authorities 








RESISTAL lenses are unquestionably the highest type of protection lenses that have yet been 

devised. Unlike ordinary lenses, they will remain intact, even after being cracked by the 

most severe impacts. RESISTAL lenses will not sweat as readily as other goggle lenses. The 

finished lens has the identical appearance of optical glass and is waterproof, airproof and gas- 
proof, even when cracked. 


STYLE N. A. K. 
This style of RESISTAL 
EYETECTS is our new 


N. A. K. and is the goggle 


THE U.S. NAVY 


specifies Unshatterable 
Aviator Goggles and 
RESISTAL EYE- 
TECTS are supplied 
to Navy Aviators by 


favorably recommended 
for Army use by the 
Medical Research Labo- 
ratory under date of June 
20, 1918. 





the Navy Department. 
Send for booklet on RESISTAL EYETECTS, telling of many 


aviators’ experiences and for United States Bureau of Stand- 
ards Reports and free test pieces of RESISTAL lenses. 


STRAUSS & RUEGELEISEN 


Trade Mark on Elias Buegeleisen, Sole Proprietor 
your goggle lenses 438 BROADWAY NEW YORK CITY 





























“Flexo” Aero 


RADIATORS 





The only The only 
core tnat core that 
will stand can be s0 
severe bent 
landing without 
shocks. injury to 
the metal 

No sharp or soldered 
corners joints. 
to crys 
tallize 

. through 

AJAX Auto and Aero Sheet Metal Company vibration. 


Manufacturers and designers of 
AERO RADIATORS INTAKE 





and EXHAUST PIPES Pe SE 
H. W. MEYER, 245 West Fifty-fifth Street, New York 


FLEXO MANUFACTURING CO. 


LOS ANGELES, OAL 





1812-1820 E. 12th STREET 
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“‘DURAL-Above All” 


li 
\ 








Every Part Is Vital 


We work on the idea that in aircraft 
construction every single part of the 
whole should be as perfect as it can 
be made. A screw nail should be con- 
sidered as seriously as a propeller. 


We specialize in rubber parts for 
aircraft. Our chemists know how to 
produce good rubber—and they are 
allowed to do it. The men in our mill 
and calendar rooms are old, experi- 
enced rubber workers. 


The workmen are experts in their 
line and all of them are thoroughly 
saturated with the Dural idea—“ If it’s 
for aircraft it can’t be too good.” 


We are manufacturing grip handles; 
wire protectors; tail skid streamlining: 
radiator hose; vibration or wear reduc- 
ing pads; grommets; matting; pedal 
floor and foot holes; oil tubing; air 
tubing; petrol tank washers; tubes and 
shock absorbers. 

Order these direct from us or, if you have 
an idea or suggestion for utilizing rubber in 
aircraft construction, our laboratories, plant 


and staff are at your disposal. Simply write 
to us outlining your idea. 


DURAL RUBBER CORPORATION 
Flemington, N. J. 
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Dependable Ball Bearings 


THE FAFNIR BEARING CO. 


CONRAD PATENT LICENSEE 


NEW BRITAIN, CONN. 


- 











WIDMAN 


Manufacturers of 


Waterproof Ply Wood Panels of All 
Thicknesses and Plies 








Stand Highest in Government Tests for 
Strength and Water Resisting Qualities 


FABRICATORS OF PARTS 
OF ALL KINDS 


OUR ENGINEERING DEPARTMENT IS AT 
YOUR SERVICE 


Sales Agents for Certus Glue 


ABSOLUTELY WATERPROOF AND ACCEPTED BY THE 
GOVERNMENT 


J.C. WIDMAN & CO. 


Fourteenth and Kirby Avenue, Detroit, Mich. 
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Certus 


=“ Cold 
Glue 


Get acquainted with 
the glue—-that surely 

















is revolutionizing all 
glueing propositions. 


Certus is used Cold, 


it’s the original. 





It’s the Glue that 
made good. 


| rae 


TIRADE MAT Booklet 
Certus Cold Glue Co. 


Factories at 


Minneapolis, Minn. 




















Detroit, Mich. 








Type C-20 
Propeller 
Boring 
Machine 


A recently per- 
fected machine for 
automatically boring 
the necessary holes in 





the modern aeroplane 
propeller hub in one 


operation. 


Extremely durable, compact, and eff- 
cient. Does absolutely accurate and uniform work. 
Specially designed so that no oil can get on and 


injure the stock. Either belt or direct motor drive. 


Send today for complete details 


PB. VYatesMachine Co. 


BELOIT. WISCONSIN, U.S.A. 























IN ACTUAL DAILY 
PERFORMANCE 


In every branch of military service—Engineer- 
ing Corps, Aviation Section, Quartermaster 
Corps, and general Patrol, Scout, and Dispatch 
duty—you will find the 


Sudian Motocycle 
‘With Powerplus Motor 


Greatest strength, endurance, speed, power, accessibility, 
and all-round dependability. 

We will be pleased to arrange demonstrations of all Indian 
models for interested military officials 


itustrated Indian Cataiog and other de- 
seri plive literature sent anywhere on request 


HENDEE MANUFACTURING COMPANY 
(Largest Motorcycle Manufacturers in the World) 
767 STATE STREET 


SPRINGFIELD, MASSACHUSETTS 























WEST WOODWORKING 
COMPANY 






(Patent Pending) 


Manufacturers of 


Westmoore Propellers 
Swesco Wing Beams 
Waterproof Plywood Panels 
Laminated Construction for All Parts 
Highest Quality 
Quantity Production 
Prompt Shipments 


Address: 


WEST WOODWORKING COMPANY 
308-324 N. Ada Street Chicago 
Cable address “SWESCO” 


Cabinet makers with over thirty years’ successful business 
behind them 





Sept! 


—_ 








——<s 
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EDWIN B-STIMPSON COMPANY BROOKLYN, NEW-YORK 






BACK UP OUR BOYS 
AT THE FRONT 


BUY 


'\ LIBERTY BONDS 
NOW 


® oe DO YOUR BIT AND DO 
IT RIGHT AWAY 


we 


ae 
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FOXBORO 
QUALITY INSTRUMENTS FOR AIRPLANES 
Airspeed Indicator or Buoyancy Meter Indicating Dial Type Thermometer 
Gasoline Level Indicator for circulating oil and water 
OIL PRESSURE GAUGE AIR PRESSURE GAUGE 
The Foxboro line also includes many different types of indicating and recording 
gauges and thermometers designed for all sorts of conditions and purposes. 
THE FOXBORO CO., Inc., FOXBORO, MASS., U.S.A. 
New York CHICAGO PITTSBURGH PHILADELPHIA St. Louis 

} SAN FRANCISCO BIRMINGHAM, ALABAMA Peacock Bros., MONTREAL 

. o LIBERTY TURNBUCKLES 

oe 

= Precision Thread made carefully by skilled Americans with 

2? precision tools and machinery. Our Enlarged Plant will 

———Se OO) 

e-—s>-0 permit us to take your order. We specialize in Airplane 
o—s—-0 Turnbuckles only. Send us your requirements today 
ne) 
| oo D. W. F. ENGINEERING CO. 





PROVIDENCE, U. S. A. 











ON THE PRESS 


Aeronautical Engineering and Airplane Design 


By LIEUTENANT ALEXANDER KLEMIN 


Aviation Section, Signal Corps, U. S. A., in charge of Aeronautical Research Department, Airplane Engineering 


Department. Until entering military service, in charge of Department of Aeronautics, Massachusetts 
Institute of Technology and Technical Editor of Aviation and Aeronautical Engineering 








Name 





Prick, Postpaip, IN THE UNITED States, $5.00 net 


THE GARDNER-MOFFAT COMPANY, INC., ADVANCE ORDER FORM 
120 West THIRTY-SECOND STREET, NEw York CIty. 





Send me, by parcel post C. O. D., a copy of “ Aeronautical Engineering and Airplane Design” as soon as issued. 


Lah ao Ss wicca ae alae aoe ae ie eee ew pe cannes a IEEE oko ok ren oad cede ee bbs bak aad 4th hae 
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Large Stock on 
Hand 


SEAMLESS STEEL TUBING 








Prompt Mill 
Deliveries 


COLD DRAWN SHAFTING AND SCREW STEEL 
Eastern Distributor: BORDENTOWN STEEL & TUBE CORP. 


JULIUS BLUM & COMPANY 


510-512 West 24th Street, New York, N. Y. 


Branches: Boston, Chicago, Philadelphia 








ORDNANCE ENGINEERING CORPORATION 


NEW YORK OFFICE 
120 Broadway, Equitable Building 


Government Contractors 


LONDON OFFICE 
19 Queen Anne Chambers, Westminster, S. W. 


Consulting Engineers 


Manufacturers of Illuminating Shells, Trench Howitzers, Hand Grenades, etc., etc. 
Naval and Military Appliances and Parts designed, developed and perfected 


Designers and Builders of Military and Naval 
AIRCRAFT 














Aviation Photographic Equipment 
The Brock Automatic Camera, Type IV 
The Brock Automatic Camera, Type V 
Enlarging Machines, Scale Map Printing 
Machines, Special Map Drawing 
Instruments 
Field Dark-Room (Collapsible) 


The only Cameras that permit good 
enlargements from negatives made at 
speeds of over 100 miles per hour. 


ARTHUR BROCK, JR. 


Orrice—511 Buxiitr BurLpine, 131 So. 
FourTH STREET 


Factory—533 No. ELEVENTH STREET 
PHILADELPHIA, PA. 
Scientific Instruments, Tools, Dies, Jigs and 


Fixtures 


Factory occupies 23,000 square feet of floor space 
Screw Machine Capacity up to 2% inches. 








D’Orcy’s Airship Manual 


“A singularly timely and useful work, 
which does for the aerial navies of the 
world something like what Brassey’s 
Annual does for the marine fleets.”—New 
York Tribune, June 8, 1918. 


$4.00 


THE GARDNER-MOFFAT CO., INC. 
120 West 32d Street New York 














The book every aviator will want to read, the 
authentic story of the greatest hero of 
the air 


GUYNEMER, THE ACE OF ACES 


By JACQUES MORTANE, translated by Clifton Harby Levy 


“T really believe that it would be a very patriotic move for you to 
publish your recollections. What do you say to it?’’ asked Mortane. 
“I shall never do that work while the war lasts,"’ answered the 
Ace of Aces. ‘Besides, what could I add to what you know, for 
I have told you whatever you asked me to tell you. Therefore, 
if you wish, you may make a study of me. I am ready to fur- 
nish you with all the facts you may require.” 
To be published on August 27, 1918, by 


MOFFAT, YARD AND COMPANY 


New York City 
$1.50 Net 
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All recognized builders 

of airplane motors in 

America use Zenith on 

their product. 

Zenith Carburetor 
Company 

New York DETROIT “ance 
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BAKELITE 


REG. U.S. PAY. OFF. 
The Premier Moulded Insulation 





We maintain a research labora- 
tory for the working out of new 
applications, including those 
pertaining to flying machines. 


GENERAL BA OMPA 
545 sj}; a a *); 























“INTERNAL STAMPINGS, 72245 


E realize in air or at sea there should be so 

faulty material. All machine parts must be 

made right and perform their functions properly, 
hence we have equipped our new plant to turn out work 
of the highest quality. We offer our facilities to you 
and trust we may be of service. 


Will you give us a trial? 


LANSING STAMPING & TOOL Co. 


LANSING, MICHIGAN 








METAL 
HOSE 


For every 
Airplane Requirement 
eoifications end 

ne 
#700 prices 


PENNSYLVANIA 
FLEXIBLE 














LYING SCHOOL can accommodate 

six more students at once, teach- 
ing the United States and French 
methods of flying, using Miuilitary 
Tractors, dual Dep control and Curtis 
motors. Excellent living accommoda- 
tions—hotel or private. Ideal field and 
surroundings for ‘grasscutter and solo 
flights. 

Special Offer to Mechanical Students 


ELLING O. Weeks, Chief Instructor 
Wm. T. Coox, General Manager and Consulting Engineer 


PITTSBURG AIRCRAFT COMPANY 


PITTSBURG, KANSAS 














Tycos 


Aviation 
Barometer 


Made in U. 8. A. 


Write for 
Information 


Kaylor /nstrument Companies 


Rochester, N. Y. 
U. 8. A. 


For over siaty 

years makers of 

scientific instru- 
ments of 
superiority 

















PIONEERS IN THE MANUFACTURE OF PROPELLERS 
7 


gale 
<AONE ROPE, Le; 


) 
Cc 





ESTABLISHED 1910 
We carry a large stock for immediate delivery. 
Contractors to United States Government 








ZSCONMST 
PUAPLO) POV poy (Os EOS 


are correctly designed with the highest 
quality materials and workmanship. 
Write for catalog of 6 and 12 cylinder models. 


WISCONSIN MOTOR MFG. CO. 


Station A. Dept. 288. Milwaukee, Wis., U. S. A. 
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< Boats Use 





For Your Flying 





| —=—_—_ 
in t pu " 





i Are ernecper o<oeer ly i 





SFFERY’S PATE 
Wie WaTERPROO 


‘‘Marine Glue, 
What to Use 


It”? and 


‘*‘How to Make 
Your Boat 
Leakproof.”’ 


FUQUID GLI 


C QUALITY 





Hy) | | 
Hl, i 
/ W. FERDINAND & &% 
BOSTON, MASS. =s_ |_| || 




















152 Kneeland Street 
Boston, Mass., U.S. A. 





. and How to Use 


Mi | Send for Booklets— 


) L. W. Ferdinand & Co. 


i 














PASCO 


Wire Wheels For | 


AIRPLANES 


USED ON THE BEST 


ORDERS NOW BEING TAKEN FOR 
PROMPT DELIVERIES 


WRITE FOR PRICES 
National Wire Wheel Works, 


GENEVA, NEw YorK 


Inc. 





—- 











The United States Government 
uses and endorses 


. ae 
“There's a Reason 
eemateset.vany furnished upon 


SSS SESS ESS Se SS 


request 


Wm. Deshler Warner--Jo/e Migr. 


—————4 


Eight - East - Broad - Street 
COLUMBUS----OHIO 






~ AIRPLANE MANUFACTURERS 


THE WARNER AIRPLANE CONTROL 


1 


— 











DON’T SCRAP ALUMINUM PARTS 


USE 80-LUMINUM—NEW WELDING SOLDER 





Broken 90 H. P. Fiat crank case repaired sor the Untied States Navy (a.0s 
ho urs’ time and at $15.00 expense by use of So-Luminum, as against $400.00 and'fn 
months’ time to gel a new one—ta in perfect condition after two years’ use. Un 
0a soline or blow torch—no fluz or spectal tools required. 

Boo klet and directions on request. Sample bar, $1.00. Used and tndorsd 
by the United States Army and Navy, auto and aero. companies, and indorsed 
by theJBritish Munitions Board. 

SO-LUMINUM MFG. & ENG. CO., inc 


Room 25, 1790 Broadway New York Ctty 























Palmer-Simpson Corporation 
Saranac Lake, NX 





g 





-——PONTOONS FOR SEAPLANES 














Se 











ENGINEERING PRESENTATION OF 


INVENTIONS 


AERONAUTIC, MUNITION, MOTOR, GAS AND 
FLAME, SUBMARINE, POWER, TANKS, 
WEAPONS, INSTRUMENTS AND 
ACCESSORIES. 


IDEAS INVESTIGATED, CALCULATED AND DEVELOPED 
PREDICTED VALUES and STRESS 
DIAGRAMS 


PLANS, GENERAL DESIGN AND DETAILED 
MANUFACTURING DRAWINGS 


AUTOMOTIVE ENGINEERING COMPANY 


7TH FLOOR, 120 SOUTH STATE STREET, CHICAGO, ILL. 














ROEBLING AIRCRAFT WIRE 


—* 


STRAND AND CORD 


Thimbles and Ferrules 


John A. Roebling’s Sons Co. 


TRENTON, NEW JERSEY 





Agencies and Branches 
New York Boston Chicago Philadeiphia Pittsburgh Cleveland 
Atlanta San Francisco Los Angeles Seattle Portland, Ore. 
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U.S. and Foreign Governments 
Approve The “Perfect Starter” 


This is a compressed air starter convertible to an air com- 
pressor for storing the air for its own energy. It has ample 
power and speed for magneto starting. 

Model C—For starting engines up 
to 250 H.P.; weighs 39 lbs. and com- 
plete for single engine installation 
70 lbs., for twin engines 110 lbs. 
Model D—For starting engines up 
to 150 H.P.; weighs 34 Ibs. and com- 
plete for single engine installation 
58 lbs., for twin engines 96 Ibs. 


Write for Booklet 


THE MOTOR-COMPRESSOR CO. 
Newark, New Jersey, U.S. A. - 



















DOEHLER 


BABBITT-LINED BRONZE 


BEARINGS 


have been used for years with the utmost suc- 
cess by the leading motor manufacturers 
in the automobile and airplane industries. 


DOEHLER DIE- CASTING Co. 
WESTERN PLANT BROOKLYN. N.Y. NEW JERSEY PLANT 
TOLEDO.OHIO. NEWARK. N.J. 

Also Die-Cast Babbitt Bearings, D 


to-Castings in 
Braes & Bronze Aluminum and White Metal Alloys 





New Yrk cit \ \S 








Experimental Planes 


The Government is now encouraging experi- 
mental planes. Every designer knows the diffi- 
culty in obtaining his engine under present 
conditions. 

[If you can use an eight-cylinder 210 h. p. 
engine, guaranteed in perfect condition, of the 
same type which recently established a new 
American long-distance flight record, at a sac- 
rifice for cash, communicate with Box 93, care 
of AVIATION AND AERONAUTICAL ENGINEERING, 
120 West Thirty-second Street, New York City. 











Learn Aviation Mechanics 


Train Yourself for the Aviation Service and the Aircraft Industry 
by taking advantage of 

Our Ground Course in Aviation Mechanics 

Affording preparation prior to entering Government Ground 

School, covering aero-dynamics, aero-engines, rigging 

and Lewis gunnery. Previous experience unnecessary. 
Aviation Mechanics Course 560 Aero-Engine Course $3 5 
CE coe noe es nee C6 dha bap <0 


Wireless Course (4 weeks) $25 
NEW CLASSES BEGIN EVERY MONDAY 
Write for our [Uustrated Booklet **F’’"—" A Message to You on Avtation”’ 
(MEMBERS OF 


AERONAUTICAL SOCIETY OF AMERICA) 


110-114 West 
42d Street 


Telephone Bryant 9078 


New York 














it 


b 





Specialists in Heat- 
Treating Vanadiums 


New York Wire © Spring Company 
586 Washington Street, New York 

















Classified Advertising 


10 cents a word, minimum charge $2.00, 


able in advance. Address replies to advertisements with box numbers, care of 


AVIATION AND AERONAUTICAL ENGINEEBING, 120 West 32d Street, New York. 


. 





coat. Best 
eare Y. M. 


FOR SALE—New reversible 
glove leather. Bargain. Thirty dollars. 
€. A. No. 82. Camp Lee, Va. 


leather-corduroy 
J. M. W., 








WANTED—Position as chief draftsman, several years’ ex- 
Perience, thoroughly competent on airplane production draw- 
Box No. 89. 





FOR SALE—100 h.p. Curtiss O. X. 
tion, just overhauled, if sold quick, $1,850. H. 
South Hope Street, Los Angeles, Cal. 


motor in perfect condi- 
A. Sperl, 1000 








WANTED—Second hand airplane motors. Must be cheap. 
Chas. H. Patterson, 844 Grace Street, Chicago, Ill. 


FOR SALE 
Wright Patent. 
stagger type to up date model. 
Park, N. J 


U. S. Aeroplane Patent. Does not infringe on 
Has automatic ailerons, universal rudder, 
Address Otte Fenn, Lincoln 
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ADVERTISERS 








i i Me ceed ceectencce hie 
Ajax Auto & Aero Sheet Metal Co............. 
Aluminum Brazing Solder Co.............. 

tec e wees wleece 
I OOOO ci cece dceeens 
American Propeller & Manufacturing Co...... 

Automotive Engineering Co................... 
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eS ee acc kes desnewoens 
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ee ced eepaeecbes 


Ee ne kbc ecewesepeiaves 
Cold Light Manufacturing Co.................. 
Curtiss Aeroplane & Motor Corp............... 


D 
a nen oo meseseces 
Dalton Manufacturing Corp................... 
Dayton-Wright Airplane Co................... 
Defiance Machine Works...................... 
Dixon, Joseph, Crucible Co...................: 
en can eccceesee 
OL 
Duesenberg Motors Corp................0-e0:: 
RE ere 


Re ES ee ee 
Ericsson Manufacturing Co.................... 
EE, ook BeBe cidbccseuccdbecese 


EE RS ET Oe eo 
ee See ee os oan been © eee 
DE eM te. cee wenseecee 
Re ck eeeeeces 
Flexo Manufacturing Co............. 
eee eeee wees 
ee ec ede eneees 


I bs aa baie o's ae sees 
Goodyear Tire & Rubber Co................... 
Grand Rapids Veneer Works................... 
Se a i lewieseevs aces 


preibemoots Bidtew Car Co... oc ccc icc en 
Hammacher, Schlemmer & Co.................. 
EM oo Seck ch Gg cma tes suecs ec 
Hendee Manufacturing Co....... 
Beemmnnemt. Bare. CO oi occ ccc cada 
PS Es ones bod ee bs oe a ovo et ee oeeocen 


Jacuzzi Bros..;.. 





I TO et bewdedeat 


L 
S55 (Ay. WH. , Tiiinoorient O66). occ cc vec citavinricle 
256 Lansing Stamping & Tool Co.................. 
ee = CR, MOOS BSc ab oan td edbaes e056 bee eaureeel 
212 
247 M 
962 Martin, Glenn Li, Co............ eee eee eee eens 
G9 Mattison, C., Machine Works. ...........ccecece 
ee er 
MoetGiraw-THiill Book CO. 2... onc ccccccccnsscceces 
48 Moter-Cempreaser Ce. . 6ci00 00s Seweeen cess set 
249 N 
214 National Wire Wheel Works..........++-+++++. 
OF) New Departure Mfg. Co... settee eee e teens 
280 New York Wire & Spring Co............++05. 
= peas Te: ‘OE RONG. oon vi oc cd cnsnndetasaus 
208 
O 
Ordnance Engineering Co................-2008: 
I5Q 
251 P 
94) Palmer-Simpeon Co. .......ccsccccccvccccveces 
« . @ By. fe Serene ree es 
Pekan Mamerese CO. os Fd ons x 3k hdmi s owe an 
959 Penn. Flexible Metallic Tubing Co.............. 
. me, | Bo | Sree rererr Tr Tr rerr ery 
ot Rg RR RE Teer ee 
252 
95 R 
963 Radium Dial ( Deeesa cus eee teen eee e eens 
247 Radium Luminous A eer rer 
910 Roebling’s, John A., Sons Co...........--2 0005s 
ORT Rome-Turney Radiator Co. :........c.ecceeees 
Ss 
9R2 S. K. F. Ball 3 he, SPT EC eer rer ere 
959 Sherwin-Williams 2 BARES AA AP a Beare 
O44 So-Luminum OS 6 ea ee 
- oe Se”. re rrr 
I TAPED GA dos oc ccccusckassetone 
257 OND. TITUE Thn, TIP eo nc cicses cawodevessened 
54 Stone Propeller Co iS iiaich weak We a ak ee eo ee 
15 ers Ge Oe, o's can ks 00.080 69440Kh00008 
262 T 
256 Taylor Instrument Companies.................. 
299 Thomas-Morse Aircraft Corp............0.e00+5 
202 : 
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997. West Woodworking Co..............0.ceeeeee 
ae Serer oy cerry 
959 Wisconsin Motor Manufacturing Co............. 
958  Witteman-Lewis Aireraft Co................45- 
ag7 Wood, J. W., Blastic: Web Co. .... 22.0205. c00008 
944 Wright-Martin Aircraft Corp..................- 
bp Se ee rr es errr eT 
948 : ; \ 
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Airships — Military Kite 

and Spherical Balloons — 

Cord Tires. for Airplanes 
Rubber. Accessories for Airplanes 


Everything’ in Rubber for the Airplane 
alloons pei Ann Size: ood Every Type 
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PRATT & 
AIRPLANE 


Liquid Wood Filler 
Propeller Varnish 





GOOD metalfittings lacquer, 

wing enamel or other air- 
plane finishing material can not 
be sold for less than it should 
cost to manufacture. And for 
the airplane industry no finish- 
ing material can be foo good. 


We are manufacturers of air-drying and baking varnishes, enamels 
and finishes for brushing, spraying and dipping, for all aircraft purposes, 
including the following: 

Impermalin — a waterproof varnish for wood and fabric 
Anti-Actinic Wing Enamel, a// colors Navy Pontoon Enamel, a//colors 


PRATT & LAM BERT-IwNc. 
Pioneers in the Manufacture of Airplane Finishes 
134 TONAWANDA STREET 
BUFFALO, N. Y. 
FACTORIES 
NEW YORK BUFFALO CHICAGO 
BRIDGEBURG, ONTARIO 


LAMBERT 
VARNISHES 








Metal Fittings Lacquer 
Insignia Coatings 
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An O. K. You May Depend On 


HEN our engineer O. K.’s the specifications, you may be certain of the 

faithful performance of that ball bearing. For he knows the problem of a 
huge assembly of intricate mechanisms. He realizes that once in service that machine 
is wholly dependent on the Hess-Bright Ball Bearing with which it is equipped. 
And we know that is our responsibility. ~ 





So we build performance and excess strength into each Hess-Bright Ball Bearing. 
And it is by such foresight and care that they are accepted as standard. 


THE HESS-BRIGHT MANUFACTURING CO. 
Philadelphia, Pennsylvania 























Propellor Shaft of 
a 300 H.P. Aviation 
Motor carried by S 





Speed! Strength! Reliabili 


These are the Essential Requirements 


of a Dependable Airplane 


An airplane propeller when operating) 
maximum speed exerts a tremendous thrust. 
order to withstand this thrust efficiently,% 
propeller shaft of the 300 H. P. Aviation Mot 
shown above is SKF equipped. One of the SK 
Radial Ball Bearings is shown. Other SM 
Radial and Thrust Ball Bearings are used in thif 
motor, but cannot be seen. 


Two rows of balls and automatic alight 
ment within the bearing eliminate heavy strat 
which cause shaft deflection. It is because@ 
these characteristics and because of quality fi 
ball bearings marked SKF are used by the lead 
ing airplane manufacturers regardless of initid 
cost. ™ 


SKF" BALL BEARING CO- : 
1ARTFORD CONNECTICUP 





